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Abstract 
Cities are exploiting information technology to transform themselves to compete in a global knowledge 
based, service led economy. The history of large technical systems (LTS) deployments explains the 
impact of telegraph, telephony, electrical networks and other technologies on cities in the 19* and early 
20' century and how some fared better than others in terms of the socio-economic outcomes. 
In this thesis I examine how the LTS model applies to digital infrastructure including broadband, 
municipal wireless and related services - how are cities in the 21" century using or planning to use 
these technologies; what are their motivations and expectation; what has been the contribution to date, 
and what are the factors affecting the outcomes? 
The LTS model provided a useful framework as it focuses on the technical system within a larger 
socio-economic and political context. My research focuses on the city as the unit of analysis whereas 
the LTS model focuses on the technical system, although Hughes's model contextualises LTS for the 
city (Hughes, 1983). My research seeks to extend the LTS model by proposing an increased role for 
organisations versus individual agency. It shows how those organisations form into actor networks that 
interact and influence the outcome of the system at the level of the city. Finally, I propose the Complex 
City System (CCS) framework as an extension to the LTS model. The CCS framework integrates the 
role of these actor networks, as well the socio-economic, technical and spatial factors at work within a 
city, and shows how these both shape the technical system and its socio-economic contribution. 
Glossary 
2.5 G A form of cellular data networks used by mobile phones 
3G Similar to 2.5G but operating at higher data rates to support video and large 
multimedia files 
AMR Automated Meter Reading - a means of reading water, gas, electricity meters 
remotely using WiFi or GPRS communications 
BEW Berlin Electrical Supply Company 
BT British Telecom Pic 
bTec Barcelona's Enegery and Environmental Technology park in the Besos District of 
the city 
CAD Computer aided design 
CD Compact disc 
CEO Chief executive officer 
CIO Chief information officer 
CPS Current Population Survey 
CS Complex systems: defined by Hughes (1983) to be made up of components, a 
network and control systems 
CTO Chief technology officer 
DC 10 Digital Challenge 10: a programme to encourage UK cities and rural 
communities to implement digital initiatives 
DSL Digital Subscriber Line - a broadband communications protocol 
EDP Electronic Data Processing 
EEDA Eastern England Development Agency 
EELC Edison Electrical Light Company 
ERP Enterprise Resource Planning - an IT application that enables firms to determine 
the resources they will need to execute their business plans 
Ethernet A form of cable onnection to a computer network 
EU European Union 
EuroCities An association of 130 European cities cooperating and sharing information on 
major infrastructure and service projects 
FCC Federal Communications Commission 
FDI Foreign direct investment 
GPRS General packet radio service is a packet oriented mobile data service for cellular 
communication systems 
GT Grounded Theory 
GUI Graphical user interface 
HP Hewlett Packard 
HR Human resources 
IBM International Business Machines Corporation 
ICT Information and communications 
IEEE Institute of Electrical and Electronic Engineers 
ISDN integrated services digital network, an international communications standard for 
sending voice, video, and data over digital telephone lines 
IvT Innovation technology 
LTS Large technical systems such as road and rail transportation, telecommunications, 
electrical and gas networks and emerging from CS by Hughes (1987) 
MSA Metropolitan Standard Area 
Muniwireless A municipal wireless pressure group 
NCC Norfolk County Council 
NOL Norfolk Open Link: an initiative to connect the city and rural communities using 
the internet 
NSI National System of Innovation 
Nvivo Tool for analysis of texts 
OECD Organisation of economic cooperation and development-
OSS Operational support system: and IT application used by telecom operators to 
manage their voice and data networks 
PC Personal computer 
PDA Personal digital assistants 
Plug and Play The ability to deploy a turnkey or highly integrated solution that does not need 
reconfiguring or further integration before delivering value 
QR Qualitative Research 
R & D Research and development 
RFID Radio fi-equency identification 
ROI Return on investment 
Smart Cities Commonly used term by IBM, BT, Motorola and Cisco for cities that have 
deployed ICT infrastructure and applications that enables services to be delivered 
to citizens 
SMB Small and medium enterprise 
Telco Telecommunications operator 
TEP Techno-economic paradigm 
TS Technology Systems 
UN United Nations 
VEPS Virtual environment planning system: an internet application that enables 
citizens, planners and architects to review 2D and 3D visualisations of city plans 
and comment on them 
VoIP Voice over internet protocol: an application that enables users to make telephone 
calls over the internet 
VPN Virtual private network; a data connection over the internet that enables a user to 
connect securely to another computer as though they had a private dedicated link 
Wi2 Wireless Internet Institute - an association flmded by the UN supporting the 
deployment of wireless infrastructure for communities 
WiFi Wireless fidelity: Wireless connection to the internet used by lap tops, PDAs, 
mobile phones 
WiMax Similar to WiFi but operating at much higher data rates and over longer distances 
WTO World trade organisation 
Preface: A stirring journey from business to academia 
I joined Imperial College in 2005 to study the way cities might be reshaped for an increasingly 
knowledge based, service led economy. Information and communications technology (ICT) and an 
increasingly global economy, have enabled a transformation in work styles, patterns and distribution of 
work, and nature of the outputs that are expected. The digital revolution has radically influenced the 
design of new products, and ushered in new services that impact on lifestyles. During 30 years of 
employment at IBM, I both witnessed an era of change and was on the receiving end of what Daniel 
Bell refers to as the coming of the post-industrial age. (Bell, 1973) 
I prefer to use the term service led economy, rather than a service economy for several reasons. 
Services have come to represent more than two thirds of the economies of developed nations; many of 
these services, from banking to telecommunications, logistics to entertainment, depend on massive 
investment in physical infrastructures, frequently are deeply technologically dependent and in many 
cases only become services as a consequence of the packaging, contracting and business models of 
their vendors. The industrial economy that provides the physical infrastructure and technological 
systems is the crucial underpinning of the service economy, hence the term service led economy which 
is not to downplay the importance of the rest of the economy. The service led economy will be a 
continuing theme throughout this thesis as I examine how cities are exploiting new technological 
systems, and especially digital infrastructures and services, to compete in the global, knowledge based 
services led economy. 
Transforming Work Patterns and Lifestyles 
The company I joined as a young industrial designer generated over 80% of its income from hardware; 
it manufactured mainft-ame computers and provided accompanying services, including even their 
physical plumbing for cooling. When I left IBM some three decades later, less than 18% of its revenue 
was from hardware. The company had transformed itself into a services led business, with just a few 
manufacturing plants around the world, and over half its workforce dedicated to delivering services. 
The workplace had changed just as dramatically: from serried ranks of manned desks under the 
watchful eye of a manager, to office environments that looked more like hotel lobbies - places you 
stopped by for the odd necessary face to face meeting. Meanwhile, the serious work was being done by 
distributed teams working in multiple locations including clients' offices, individuals' homes, hotel 
rooms, airport lounges and IBM and partner locations around the countiy and around the world. And 
this is not unique to IBM; all the large corporate clients with whom I worked during my employment at 
IBM had been moving in the same direction - from selling discrete products, to supplying systems and 
integrated solutions and becoming overwhelmingly services led. These firms had stopped selling 
computers and instead were selling computing, were offering transportation services rather than trains, 
and business communications services rather than phone lines. Their workforces has become 
distributed, their prized assets intellectual rather than physical, which influenced their market 
capitalisation. Today the capital markets are championing growth prospects oyer profitability - and so 
innovation has become the mantra for growth - business growth, shareholder value growth. 
Implications for Urban and Workplace Design 
So, one might ask, what has this to do with cities? Perhaps it is related to a few chance remarks at IBM, 
during discussion of new locations and space management: "Why should we build a new out of town 
office location when our staff are all sitting in Starbucks hammering away on their laptops?" and "We 
keep shutting locations down, but the occupancy rates of the remaining locations don't rise". Around 
the same time, in 2003,1 was advising Prof Nigel Coates, Department of Architecture and Interiors at 
the Royal College of Art, on pervasive computing and its potential impact on the Thames Gateway 
development. Branson Coates had been commissioned to provide concepts for 3 sq km of the proposed 
Riverside Development on the Thames Gateway at Barking, Dagenham and Havering. Professor 
Coates asked "if people's work patterns and lifestyles will change so radically in the future, should we 
be building discrete office zones, a retail district, a residential area, or a much more mixed 
environment, and how would it evolve? How should we balance the number of local jobs and 
workplaces, residential live/work space and commuting needs? And how will all these changes you 
hold up as the bright shiny future, influence those decisions over time"? 
At that point I sought the best intelligence available in IBM Research for advice. IBM had over 3,500 
researchers and was recognised as one of industry's leading examples of forward thinking, scientific, 
technological and social science research. I also contacted potential partners in telecommunications. 
mobile phones and smart devices, and data networking to get their views, and consulted Planning 
Policy Guidelines (PPG) from the Office of the Deputy Prime Minister (ODPM). It is perhaps not 
surprising that I could not identify a coherent view and beneath the superficial views related to 
"transformation", "workforce optimisation", "a new world for business innovation", the firms and 
researchers I consulted could not help with tangible, practical recommendations. Ultimately, each 
potential vendor was interested in maximising its own returns, e.g. selling a lengthy services contract, 
air-time on its network, data capacity on its network, mesh networks, nodes and hubs and, crucially, 
had no vision of an integrated whole. I also found the urban planning community had not been exposed 
to the new ways of working, and architects used information technology only for a few very specific 
tasks and were not exposed to, or part of the transformations taking place in the commercial 
environment where work patterns and organisations were changing fast. The city planning departments 
and urban designers were faced with accommodating changes in work patterns and lifestyles that in 
many ways were alien to how they themselves worked. This certainly appeared to be a fruitful area for 
research, but there was another imperative beyond simply filling a gap in our planning models. 
An Imperative for Transformation 
During my expected lifetime, the number of people working in cities will increase from 700 million to 
5 billion, with the biggest increases in India, China and South America, and established western cities 
will be transformed by the increasingly knowledge based, services led economy. It is evident to me that 
massive transformational initiatives had already taken place in the cities in which I had lived and 
worked in the course of an international career; London, Paris, Barcelona, New York, and Dubai, and 
where I still had extensive business and social contacts. 
In my meetings with architects and city officials I had perceived significant gaps in their knowledge of 
planning and designing cities for a new industrial age. They had not acknowledged that the Victorian 
vision in creating cities for one industrial era, which had persisted into the mid twentieth century might 
not fit future ways of working and playing; the lack of fit between vision and needs was not simply one 
of sub-optimisation: it would most certainly lead to cities becoming unsustainable, rife with social and 
economic division. Billions were being spent on redevelopment, and new green field cities, or in the 
case of Dubai and the Gulf States, development of desert cities. To accommodate a seven fold increase 
in the urban population there is a need for an appropriate built environment, an environment that does 
not simply accommodate its community, but which works efficiently, gives meaning to people's lives 
and transforms rather than exacerbates social and economic division. 
Narrowing the Field of View 
As a PhD research topic this, as my supervisors explained, was overly ambitious. They pointed out that 
it would be helpful to understand the nature of the existing research in this huge domain and identify a 
strand whose exploration might prove fruitful in terms of providing a theoretical contribution and 
content that would help practitioners engaged in the transformation of cities. I have to thank Dr 
Jennifer Whyte for her guidance and incisive thinking in helping me narrow my objectives. I would 
also thank Dr Andrew Davies and Prof David Gann, not just for their supervision, but also for 
introducing me to the first of my heroes in this area, Thomas P Hughes. It was their influence, and 
Hughes's analysis that disabused me of some self imbibed propaganda; the belief that the Information 
Technology (IT) industry was somehow unique in terms of the (to me) astonishing speed of its progress 
and its enrichment and transformation of society. I had been Marketing Director of IBM and believed 
in the unique position of the IT industry until I began to read how during the IP"" century, other 
technologies - transportation, telegraphy, telecommunication and electricity - had been invented, 
commercialised and had transformed communities, firms and entire cities; and at a speed at least as 
fast, and with a reach and range of a similar order. 
A Multi-disciplinary Topic Demands Inter-disciplinary Thinking 
The topic with which I was wrestling was multi-disciplinary in nature, but only seldom had engaged 
individuals in truly interdisciplinary thinking. It demanded an expansive approach and with the help of 
Professor David Gann, Dr Andrew Davies, Dr Jennifer Whyte, Dr Ammon Salter, Professor Kevin 
Morgan, Professor Frank Duffy, Professor Nelson Philips and Professor Stefan Symanski and others, I 
was introduced to other writers and scholars, some inspirational, others informative and some who 
stimulated my own thinking and argument. As a result my literature review is unashamedly expansive, 
interdisciplinary in nature, and in the undertaking of a PhD, the reading has been one of the most 
enjoyable, intensive learning, stimulating and enriching experiences I have encountered for many 
years. 
Two Themes Emerge 
Mantras of Innovation: from the firm to the city The journey I undertook to narrow my focus actually 
introduced a number of new themes; the first was innovation. Innovation, as I explain at the start of my 
thesis has become a mantra for nations seeking to maintain or improve their competitiveness, and 
especially the advanced western economies faced with the emerging industrial power and lower cost 
bases of European accession countries and BRIC (Brazil, Russia, India, China). The knowledge based, 
services led economy when faced with the mobility of labour and hence knowledge, recognises that 
innovation in products and services as well as in the processes for their manufacture and service 
delivery, supply chain, distribution channels and support, is crucial for maintaining or accelerating 
business growth. The board members of firms, especially those with stock options that are below 
current market prices, have very strong personal incentives to please the capital markets, and the 
transformation of innovation into commercial returns is high on their agendas. Furthermore, for the 
public sector, the efficient delivery of public services, in the face of increased expectations and a 
changing demographic, also means transformation and innovation. From the Lisbon Accord to the US 
Council on Competitiveness, western nations and their institutions and leading firms have a clear 
agenda and imperative for innovation. This agenda is being executed and enhanced by cities and 
regional development organisations as they seek to increase their competitiveness and attract new firms 
and skilled knowledge workers, grow their industrial base and social capital and improve the quality of 
life for their citizens - and to seek re-election. As a consequence, city authorities invest or encourage 
others to invest in creating the infrastructure, programmes and services that will enhance local, national 
and industry innovation systems. 
Stirring Systems: The second theme, and one that has become a passion, is the work of TP Hughes 
(1983) on complex systems and the subsequent development of large technical systems (LTS) theory, a 
description that does not convey the magical content within this domain. I started out by trying to 
determine how cities should be designed in the future in light of the technological advances in ICT and 
their impact on work patterns and lifestyles. However, I ended up seeking to extend knowledge on how 
new technological systems for cities emerge, gain widespread adoption and result in transformations 
that ripple through existing social, cultural and economic systems. Ripple is too modest a term to 
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describe the waves that are sometimes generated which in hindsight appear more akin to a tsunami. The 
creative destruction described by Schumpeter (1942) is apt, but in these LTS we witness a more 
complementary approach where existing technologies are not swept away, but entire new social, 
cultural and economic systems develop that sweep away much of the old. 
Hughes (1983) considers the city as part of the context for complex systems, comparing the 
deployment of electrical networks in London for instance, with Chicago and Berlin. In this thesis the 
city or city district is my unit of analysis, to better understand how new technological systems can 
contribute to the transformation of cities. I include the word stir several time in my thesis. The verb "to 
stir" implies emotional uplift - we feel a stirring within ourselves or a greater stirring in society driven 
by new forces for change. But we can also stir together different materials and the complex city 
systems I refer to combine social, cultural, technological, economic and political components that 
interact one with another. They also force a redrawing of the boundaries between traditional 
disciplines, and the emergence of new ones. The world's first professor of electrical engineering was 
William Edward Ayrton of Imperial College in 1879. Professor Ayrton was also the first President of 
the Institute of Electrical Engineers (lEE). The emergence of electrical networks more than a century 
ago forced us to stir up the traditional disciplines to create new combinations. The global challenges 
and opportunities of sustainability, health and well-being, the emerging technologies and the resulting 
systems that exploit them, can stir us both individually and collectively. They demand a stirring 
together of the effort from different disciplines if challenges are to be successfully addressed and 
society is to benefit. And a narrow or component view is unlikely to resolve these challenges; in my 
view they will require a systems approach, interdisciplinary thinking and a stirring together and 
remixing of disciplines. 
My Research Agenda 
And so while I began to theorise on the design of new cities for what Daniel Bell would have called the 
post-industrial era (Bell, 1973), cities that Manuel Castells describes as the "space of flows" (Castells, 
p406, 2000), or the "informational city" (Castells, 1991), or Saskia Sassen describes as "highly 
concentrated command points in the organization of the world economy" (Sassen, pi74, 2002), my 
focus switched in the course of this enthralling journey - a luxury for the would be scholar that was 
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rarely enjoyed on industrial assignments. I decided to combine my interest in the future of cities, and 
my passion for both innovation and the emergence of the new LTS, into one still expansive but 
appropriately interdisciplinary domain. 
My thesis addresses the role that new digital technologies and services play in supporting cities in the 
quest to become innovation hubs. This research investigates what cities and their transformational 
plans have in common as well as the major differences in their deployment, expectations and 
approaches. The work seeks answers to what has been the contribution of these technological initiatives 
to date, their relative importance, and their plans and expectations for moving forward. It defines the 
key factors motivating cities' deployment, and posits their likelihood of success. By analysing these 
initiatives and transformational strategies through the lens of the city, I have sought to extend Hughes's 
complex systems model and later LTS theory by examining them at the level of the city and district. I 
refer to the proposed model as complex city systems (CCS). The impact of these technologies at firm, 
national and regional levels are well documented in the literature; the present work seeks to go to the 
level of the city, and down to the level of the district to identify these impacts through quantitative and 
qualitative analysis. 
The second contribution of this research is related to LTS theory. The similarities in the deployment of 
canals, railways, telegraph, telephone and electrical networks while perhaps evident to others came as a 
revelation to me along with the potential relevance of LTS for new digital infrastructures. As city 
authorities, and regional and national governments plan large scale investment in digital infrastructures, 
e.g. the Digital Britain Report (2009), there is a tendency towards technological determinism in its 
socio-economic contribution. LTS theory, especially the seminal work on complex systems by Thomas 
P Hughes, the insights of David Nye, the extensions by Andrew Davies and by Wiebe Bijker, John 
Law, Michel Callon and Edward Constant, provided me with a framework for my analysis. It is to this 
body of work and theoretical framework that I hope my work makes a modest contribution. 
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1. Introduction 
The imperative of innovation 
The battleground of international competitiveness in the 21" century is innovation (US Council on 
Competitiveness, 2005), and cities are increasingly viewed as the cauldrons of innovation, bound to 
enrich not only their surrounding regions, but their nations. Across the globe, cities are undergoing 
massive renewal, fundamental shifts in the nature of work and the workplaces they host, and 
transformations to their output and consumption. And in the rapidly industrialising countries we see 
small towns being transformed into metropolises and entire new cities planned. From the City of 
London to Chennai, Shoreditch to Shanghai, and Amsterdam to Dubai; cities are growing, transforming 
and repositioning themselves as players on a global stage. This transformation includes major 
installation and renewal of ICT inft-astructure and radical changes in the delivery of public services. 
Historically, cities became established at the intersections of trade routes or where geography favoured 
production and distribution of physical goods. These advantages were reinforced through 
agglomeration, economies of scale, the development of sophisticated infrastructures, especially road, 
rail and air links, and the enrichment and diffusion of expert knowledge through universities and 
research centres. In present day knowledge based, services led economies where communications 
networks can sometimes seem more important than rail and road networks, global cities are emerging 
as the command and control centres of international business, and the ICT infrastructure they provide is 
a major influence on businesses seeking to relocate (Bell, 1973; Hall, 2006). 
The Knowledge Based, Networked Economy and the Role of ICT 
In a global and highly networked economy the cities are linked one to another and in turn to secondary 
nodes of production, distribution and consumption. There is evidence that the strongest cities become 
stronger and for those that are left behind the climb to achieve prosperity is long and tortuous. For 
instance. New York is the only one of the 16 largest cities, in either the north-eastern or mid-western 
United States, with a higher population today than it had 50 years ago. The decline of some cities has 
been precipitous, with their populations halving over the last 70 years while the total US population 
almost doubled in the same period. Glaeser (2004) points out in his analysis of the Skilled City, the 
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stakes are high and the future economic vitality of major cities depends on their ability to attract, 
develop and maintain skilled resources 
The question I investigate in this research is how are cities using technological systems to transform 
and compete in the global knowledge based economy, and what is the role of digital and 
communications technologies and related services. Roads, railways and airports, electricity and 
telecommunications transformed cities in the 19"* and 20* centuries; how are investment in new digital 
technologies and differences in deployment and usage models favouring certain cities in the rapidly 
shifting 21®' century world? It is an environment where cities are competing for investment and new 
jobs, and trying to become hubs of innovation in the knowledge economy to deliver prosperity for their 
citizens. 
Thesis Structure 
Following this introductory chapter, chapter 2 examines the literature and current research efforts in 
this field. I analyse the gaps in the literature relating to the Hughesian model of complex systems and 
Large Technical Systems (LTS) theory, its application at the level of the city or district in terms of the 
socio-economic impacts of the technologies at this level, and the need for a more comprehensive 
framework than Hughes (1983) complex systems that is relevant to the deployment of LTS in cities. I 
call this the Complex City Systems (CCS) framework. I highlight the absence of repeatable deployment 
models in cities and benchmarks for success and make some subsequent recommendations to 
operationalise the findings for policy makers, practitioners and service providers. The literature review 
describes three main pillars: 
« LTS theory, referring particularly to the works of Hughes (1983), Davies (1994, 1996), Bijker et al. 
(1987) complemented by the work of Freeman and Perez (1988). This pillar also addresses 
organisational capabilities, especially public sector organisations, and their capacity to lead 
technological and systems based infrastructure projects, the relationships within public private 
partnerships and the role and relative importance of specific networks of actors in the lifecycle of 
complex systems based initiatives. I refer to the work of Flowers (2007), Penrose (1994), Chandler 
(1990), Davies and Hobday (2005), and Callon (1987); 
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» Urbanism, the knowledge economy and role of ICT - which addresses innovation models, the 
continuing importance of place, regional and local innovation systems and the social and economic 
issues involved in the transformation of cities for the knowledge economy. Authors include Castells 
(1996), Sassen (2001), Florida (2002), Hall (2006), Porter (1998), Aydalot (1989), Glaeser (2003, 
2005), Jacobs (1961), Graham and Marvin (2001), Gillett et al., (2006) 
" Adoption and diffusion of innovation: where the focus is to understand how innovations, such as 
LTS, are adopted by city authorities and other key stakeholders at municipal level. I draw insights 
from the work of Rogers (1962), Von Hippel (1988), Moore (1991), Patel and Pavitt (1994), 
Dodgson et al. (2000), Freeman and Perez (1988), Edquist (2005) and others, relating to how 
consumers and industry firms adopt new technologies and systems, and the impact on cities and the 
adoption of major infrastructure systems and related services. I discuss the importance of this for 
digital broadband and municipal wireless networks and related services and later compare the 
findings with the case study findings (see Chapter 5). 
The main pillar of the literature review is complex systems (Hughes, 1983) and the subsequent 
development of LTS theory. I try to draw parallels with the way that cities are deploying digital 
technologies, particularly digital broadband and municipal wireless networks and the introduction and 
growth of telephony (Davies, 1994) and electrical networks a century earlier. I review the seminal work 
of Hughes (1983), the insights of Nye (1999), the extensions by Bjiker et al (1987), and demonstrate 
the parallels by comparing the maturity of municipal wireless broadband deployments with electrical 
networks at the end of the 19* century. 
A short history of the telegraph, telephone and electrical networks is provided in Appendix A, from 
which I draw parallels with 21*' century technological systems deployments in cities. LTS provides a 
theoretical framework for the later analysis of the case studies in this research, and is the basis for a 
more integrated framework (the CCS), relevant to a city-region analytical context. Using the CCS 
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framework I identify a series of subsidiary questions which I attempt to answer through the research in 
order to provide new insights, suggest extensions to LTS, and confirm the validity of the CCS as a 
conceptual framework. 
Analysing the Gaps and Defining the Research Questions 
In Chapter 2, section 2.7,1 analyse the gaps in the literature and develop the principal questions for this 
research and subsidiary questions. What is the role of the new digital broadband networks, municipal 
wireless and related services in supporting cities in their quest to become hubs of innovation? What do 
cities have in common and what are their major differences in terms of the network's deployment, 
expectations and approaches? The research seeks to identify the contribution of cities' digital initiatives 
to date, their relative importance, and expectations for the future. I examine the key factors motivating 
the initiatives, and try to predict the likelihood of success. The proposed CCS framework enables us to 
consider the socio-economic; the spatial, and cultural factors at work within a city; the importance and 
nature of governance; and how these factors both shape and are shaped by the technological system. 
Using the CCS framework the research examines the different networks of actors involved in the 
commissioning, provision, integration of this form of technical system, and the interactions and 
relationships between them. While the impacts of digital broadband and municipal wireless networks at 
the level of the firm, region, and country have been studied, little work has been done on the city level. 
The case studies in this thesis aim to fill this gap and contribute new insights. 
The research also seeks to contribute to LTS theory through the CCS framework. Constant (1987: 
p229) asks "how reverse salients are parsed into solvable and discreet problems", and who is 
responsible for determining which organisations should be responsible for resolving them. Hughes 
(1983) describes the technical, socio-economic, or political problems encountered as a system grows as 
reverse salients. For example, such problems might be regulatory or related to power loss in 
transmission. The case studies demonstrate that the nature of underlying problems or reverse salients 
are not always clear, nor is it obvious who the actors are who are best places as well as motivated to 
resolve it. Constant asks who is identifying the real problems, and then identifying how they are best 
resolved. I seek to identify the individuals, organisations and/or actor networks engaged in this process 
and driving the process by which new socio-technological system or networks are successfully 
16 
implemented. Another problem with the Hughesian model according to Davies (1996) is that in 
emphasising that technical systems are socially constructed, Hughes invoices voluntarism, stressing 
contingent issues of action - choice, decision and purpose - over those of structure which operate 
independently of human agency. Where Hughes addresses structural factors he does so under the 
metaphor of momentum. Another interpretation of the development of LTS is possible which involves 
organisational structures playing a much more central component. My research addresses this problem, 
considers who are these actors what roles do they undertake, the relationships between them and 
identifies specific groups of actors responsible for the integration and deployment of systems, and a 
meta-actor network that influences and seeks to choreograph the development of the overall system and 
its adoption by the cities that commission the systems and by the users who consume the services 
provided. 
Chapter 3 describes the research methods and how 1 initially used quantitative techniques to to identify 
how the technologies studied are impacting on cities and districts, and the variance between cities in 
terms of outcomes. I explain how this initial quantitative analysis showed that there is a consistent and 
positive socio-economic outcome from deployment of broadband technologies, but that the findings 
were not compelling and that it would not be necessary to use qualitative techniques to examine the 
other factors that might be at work. This quantitative analysis is included in Appendix D. In Chapter 4, 
I review as series of case studies which explore the rationale and strategic motivations of city 
authorities in their deployment of digital broadband and or municipal wireless networks and related 
services. The case studies examine the context and conditions for deployment and help explain the 
differences in impacts, the commonalities and provide new insights and extensions to LTS Theory. 
They also demonstrate the relevance and value of the CCS conceptual framework and help to provide 
models of best practice. 
While the initial quantitative analysis demonstrated a positive relationship between the deployment of 
digital technologies with recognised social and economic indicators including education, income, 
employment, house prices, it also showed a positive relationship between the extent of broadband 
usage and the rate at which different cities are transforming themselves to knowledge based, services 
led economies. However, the analysis did not provide information on motivations, plans or 
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expectations, nor does it explain the variance between the different outcomes achieved by different 
cities, hence the requirement for the case study approach. 
Chapter 4 provides a series of case studies of cities in Europe and the US, selected on the basis of their 
differences. By comparing them, we can identify what they have in common despite these differences, 
what can be explained by the differences between the cities, and how the differences are manifested in 
terms of their capabilities, motivations, plans and outcomes. There are two case studies of Barcelona -
one focusing on the role of social capital component in CCS, and one on the role that digital 
technologies play in enabling this (Leon, 2008, 2009). The second Barcelona study examines the 
transformation of Barcelona's old cotton district to become an intemational hub of innovation; it 
highlights the importance of attracting an intemational community, Florida's (2002) "creative classes", 
and connecting them to local firms and institutions. The study shows that unless a city pro-actively 
promotes the engagement of the intemational community with local firms and institutions, that 
community will not play a significant role in the transformation to the knowledge economy, nor will 
the city reap the full returns from its policies to transform its innovative capacity. This case study 
demonstrates that the active engagement of the intemational community with local firms and 
institutions as well as policies to attract this community are required, and these can be enabled through 
digital technologies and services. 
Chapter 5 provides a summary of the findings from the case studies and provides a synthesis of the 
qualitative analysis and theoretical framework provided by LTS theory. It describes common pattems 
that demonstrate parallels with the growth of other technological systems infrastructures and the 
challenges that cities faced historically in their deployment. This chapter points to the need for the 
more integrated approach of CCS. It shows that the same challenges as were experienced in other 
centuries are being experienced by present day cities, and that cities can learn from or even copy many 
of the approaches municipal authorities used over a century ago to address some of the current 
challenges in deploying digital technologies, especially municipal wireless communications. This 
chapter aims to answer the some of the research questions, and make suggestions about how cities can 
apply this learning to their own plans and the deployment of digital technologies. 
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Chapter 6 addresses the theoretical contribution to LTS and by extension to the CCS. 1 find the 
heterogeneous network model proposed by Law (1987), more suited to my analysis than the Hughesian 
model of a socio-technological system as a seamless web. Whether described as a web or network, I 
would posit that it is far from seamless and between each of the nodes in a network or the links in the 
value chain, there is transaction. That transaction is frequently "coin-operated", by which I mean that 
unless the actors involved in the transaction are motivated by commercial reward, the network and the 
ability to deliver value via the network will break down. I describe the relative importance of 
organisations in comparison to individuals and the four specific networks or communities of actors that 
are in play in the deployment and exploitation of these systems within a city. I describe the different 
actor's characteristics and which of them is most likely to be involved in the identification, 
prioritisation and resolution of problems as described by Constant (1987) and address the issues raised 
by Davies (1996) of voluntarism, and contingent issues of action over those of structure which operate 
independently of individual agency. 
The four distinct types of actors are the commissioners, typically the city authority or its agencies that 
develop the strategy and commission the second group are the service providers, who do the detailed 
design, systems integration, deployment and potentially operate the system. Depending on the 
competencies of the commissioners, they may undertake the design, deployment and operations 
themselves, as for example is the case shown in Barcelona, or as we will see in the City of London case 
study will outsource the entire service including the design and delivery of services to a third party. 
The third group is the organisational or individual consumer actors that uses the system and exploits 
the services it offers. Finally there is a meta-network of actors, one that operates beyond the city and 
may include major service providers, that is organising the overall technical system, influencing its 
architecture, promoting the benefits of the system to consumers, lobbying and encouraging 
commissioners, and helping shape their strategies. This is illustrated in the schematic in Figure 1.1. 
19 
r 
ivr 
Ccnsurrers 
Prcviders 
Commissioners 
f 
M a a 
E W T 
Large Technical Systems 
Figure 1.1 Role of Specific Actors and Large Technical Systems Deployed in a City 
The first proposition I develop is that it is well integrated multidisciplinary organisations not just 
individual entrepreneurs, that from the outset play a pivotal role in the invention, integration and design 
of systems as well as their commercialisation; this is evidenced by my research at city level. Secondly, 
all the upstream and downstream components of the value chain that constitutes the technological part 
of a LTS and which are transformed into user value, need to be in place. Each of those components 
needs to be technologically and commercially viable in order to generate returns for stakeholders. 
Thirdly, the overall organising and animation of the system relies on the meta-network described 
earlier which I call the Techno-Financier network of actors. These actors identify the gaps within 
organisations and the weaknesses in component parts of the value chain, and determine what needs to 
be resolved, and by whom. They seek to choreograph the different service providers as well as the 
other stakeholders to resolve the challenges involved in the growth and exploitation of the system. 
The research described in this thesis seeks to show that without such a Techno-Financier network, new 
technological systems, such as municipal WiFi based wireless communications networks, will not be 
successful, and that LTS theory does not attach sufficient importance to this aspect. With regard to the 
deployment of ICT infrastructure and services for cities, firms such as IBM, BT, Cisco and Intel are 
fulfilling similar roles to those played by Deutsche Bank, Barings, Drexel Morgan and Company, a 
century earlier. I argue that such techno-financier networks are required to organise and help develop 
all of the players throughout the value chain, and lobby politicians and standards bodies to create the 
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appropriate political and institutional conditions for the value chain to prosper and the technical system 
to become established as part of a CCS, as well as in the city-region and the rest of the country. 
CCS provides a more appropriate model than L I S theory, which is able to take into account the 
multiple forces shaping the evolution of the city. CCS offers a conceptual framework to better 
understand how these networks of actors combine with the key socio-economic, cultural and spatial 
factors at work within the city, and how this combination shapes the technological system and 
influences the contribution it will ultimately make. 
Chapter 7 examines how the findings from the case studies and the theory development can be 
operationalised by city authorities, systems and service providers, policy makers and practitioners. In 
Chapter 7 1 identify eight factors that influence success in the deployment of digital networks. I draw 
parallels between the current deployment of these digital networks with electricity and telephone 
networks in the 19''' century, and show that these factors are consistent with the large scale systems 
theory and the diffusion of innovation literature. I hope that this will provide a framework for city 
authorities and practitioners to develop more effective strategies for digital networks and related 
systems architectures, requirements statements and deployment plans. The section will also help cities 
to assess the solutions proposed by prospective partners, vendors or the city's own resources. It is 
hoped that it will enable them to measure results, compare capabilities delivered with originally 
projected needs, and compare with deployments in other world cities. 
The thesis concludes by summarising the contributions to theory and practice, and recommendation on 
continued research to test and extend the theoretical contribution, and provides a finer granularity in 
terms of the benefits of digital technologies, usage patterns and specific services at the levels of the city 
and the district. It discusses some recent experience of the deployment of digital broadband and 
municipal wireless networks, the issues and challenges that cities and vendors have faced since the 
field research for this thesis, and the implications for policy initiatives such as the UK Government's 
Digital Britain Final Report (2009). 
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2. Context, Literature and Theory 
The central topic of this thesis crosses a number of disciplines, and achieving new insights in this field 
will require an integrated and interdisciplinary approach. As a result the literature review is expansive. 
I have tried to categorise it under four headings with LTS and the Hughesian model of complex 
systems being the central component. 
In the introduction in Chapter 1,1 highlighted how cities, in their quest to become hubs of innovation in 
a knowledge intensive, networked economy, were investing in technological infrastructure projects of 
which broadband, municipal wireless and related services were a crucial component within a mix of 
social, economic and technological initiatives. Since the mid-nineteenth century and the first wave of 
industrialisation we have witnessed other radical initiatives with the growth of the energy infrastructure 
- water power, steam and then electrical energy; transportation infrastructure involving ports, canals, 
railways, highways and airports; and communications infrastructure - the telegraph, telephone, data 
communications networks. 
In this section I explore the literature associated with: LTS; urbanism and the knowledge economy and 
the role of ICT specifically; the adoption and diffusion of innovation to enable a better understanding 
of how innovative new systems might be deployed and the problems involved; and capabilities to 
examine the resources of cities to undertake new projects and how they impact on the shape of public 
private partnerships and the use of third party resources to execute them. 
I have placed LTS at the core of this analysis because the historical precedents of earlier infrastructures 
may help to identify the potential problems involved in the deployment of new digital communications 
infrasfructures at the level of the city. The analysis of recent deployments of municipal and community 
broadband networks offers new insights into the LTS model and extends our understanding of the 
factors affecting the adoption of such systems, in the context of the proposed CCS framework. 
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Figure 2.1: Literature Overview and Relationships 
1 begin by reviewing Hughes (1983), Nye (1999), Bijker e al. (1987), and then examine the history of 
adoption of telecommunications and electricity networks to illustrate similar patterns emerging in the 
deployment of the newer technological systems such as broadband and municipal wireless. The 
patterns for the digital technologies are consistent with the Hughesian model of complex systems and 
his subsequent LTS model. However, by considering not just the urban context for LTS, but using the 
city as a lens to better understand the technological system, new questions emerge and gaps are 
identified, both of which are explored at the end of this chapter. Also, by examining the deployment of 
municipal wireless systems we can not only test the applicability of LTS to more recent digital systems, 
but we can also see some of the issues that point us towards the role of specific networks of actors 
through an examination of capabilities within the city authority and need to complement these 
capabilities with other resources, and the involvement of other stakeholders. 
The following sections examine the literature associated with complex systems and LTS, urbanism, the 
knowledge economy and the role of technology. Finally, I consider models for the adoption and 
diffusion of innovation, and position municipal and community broadband using this model with 
regard to its maturity and phase of development. I then summarise each of these pillars and integrate 
them into the proposed CCS framework. 
23 
2.1 Complex Systems and LTS Theory 
The Hughesian model has five components based on the invention, inception and evolution of complex 
systems through to their maturity, and renewal, replacement or demise. In each phase Hughes (1983) 
describes the characteristics of a complex system, the dominant actors involved, and the challenges 
they faced over the system's lifecycle - from technological invention to ubiquitous deployment. In his 
book, Networks of Power (Hughes, 1983), Hughes describes the invention, deployment and growth of 
electricity networks in the context of cities, especially London, Berlin and Chicago, with a special 
focus on the environmental, political and economic contexts. Hughes' model for complex systems 
evolution has been extended by himself as well as others including Bijker et al. (1987), to become 
known as LTS. 
Hughes (1983) identifies three main technical features that make up a complex system. A system is 
comprised of components that may include various items of capital equipment; these components are 
connected within a structure or network. The configuration of this network gives rise to a distinctive 
technical architecture - a horizontal architecture connects components with similar functions while a 
vertical architecture, such as the telephone, connects other components (telephones) into the local 
networks, exchanges and trunk lines. The third technical feature is the tools and techniques of control 
to optimise system-wide efficiency. In the telephone networks of the 19"^  century the control 
component was enabled by telephone exchanges, in the start of the 2 r ' century it is enabled by the 
telecom operators' Operational Support System (OSS) software that run on large mainframes 
configurations and server farms. The nature of the complex system described by Hughes is both part of 
the underlying infrastructure of the city and is shaped by the city. Davies (1996, p. 1149) explains how 
the technological system is "shaped by - and shapes - social institutions; it captures the structural 
factors and contingent events influencing the development of the system". Whereas the city provides 
the environmental context for Hughes's energy systems, in my research the unit of analysis is the city 
itself, an even more complex system and it is the interplay between LTS (digital technologies) and the 
complex system of the city that which is explored in the case studies. By examining the city we can see 
how its conditions influence the nature of the complex system at component level, the network and 
control systems, and relate this to the governance model and other related city factors. 
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In Rescuing Prometheus (Hughes, 1998) Hughes moved beyond the complex systems invented in the 
19"* century and examines the development of complex projects involving digital technologies 
including large technical air-defence systems, ARPANET the precursor to the internet, and urban 
traffic systems. Figure 2.2 is a schematic of the lifecycle of complex systems. Hughes stresses that the 
development of such systems may not be linear and the figure is representative of a pattern rather than 
a definitive model. I consider in turn each of the phases, the key actors and their roles, in the Hughesian 
model context, with reflections and contributions from other scholars. 
invention a n d ^ Technology^ System ^ System ^Maturity and 
Development// Transfer Growth Momentum xr Renewal 
Figure 2.2: The Five Phase Evolution of Complex Systems (adapted from Hughes (1983) 
Invention and Development: One strand of the Hughes model literature is associated with the 
development of technological systems that integrate successive technological components into complex 
systems. In the case of electricity systems this evolution is illustrated by the invention and 
commercialisation of the incandescent filament lamp; electric lighting; integrated lighting, distribution 
and power systems; and ultimately large regional power systems with an extensive range of industrial 
and domestic devices exploiting this power source. In this initial phase Hughes emphasises the 
individual role of the inventor-entrepreneur, most notably Edison, as the agent primarily responsible for 
the invention and conceptualisation of the system as well in the entrepreneurial activity of developing 
the organisation and enterprise that commercialises the innovation. 
Technology Transfer: In this phase the technological system, conceived and perhaps initially deployed 
in a limited environment, gains broader acceptance and, in the case of electricity networks, moved 
rapidly from US cities to European cities. Hughes highlights the importance of inspired individuals 
such as Rath en au, von Siemens, Merz, Ferranti, von Miller, who played pivotal roles in the transfer of 
these technologies internationally, and their deployment adaptation in the context of specific cities -
Berlin, Paris, London, Newcastle, and Bavaria. 
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System Growth: This phase involves system growth both in terms of reach to other cities and scale of 
deployment and challenges. Hughes describes how each stage in the development and growth of these 
systems was characterised by specific reverse salients on the advancing technological front. The 
reverse salients were technological as well as economic, organisational, social and political. Gallon 
(1987) describes how the reverse salients Edison faced were simultaneously economic (how to supply 
electric lighting at a price that would compete with gas), political (how to persuade politicians to permit 
the development of a power system), technical (how to minimise the cost of transmitting power by 
shortening lines, etc.) and scientific (how to devise an incandescent filament that would last). 
Hughes does not examine to whom and how the reverse salients were addressed. Constant (1987, p229) 
raises the question of "how reverse salients are parsed" into solvable and discrete problems, and how or 
who is responsible for determining which organisations should be responsible for solving them. The 
explanation provided by Gallon does not fully explain the nature of the organisations or individuals 
who assemble the networks or systems or to what extent they are self organising. This is one of the 
gaps that I address later in this chapter. 
A defining component of Hughes's model is that each stage in systems development demanded a 
different style of problem solver and we see the emergence of the inventor-entrepreneur (Edison), 
manager-entrepreneur (Insull), and engineer-entrepreneur (von Miller). Edison's success as a system 
builder was based on his ability to address all of these problems and demonstrates that "the web (of 
society and technology) is seamless" and "econo-technical" problems and socio-political challenges are 
indivisible. Constant (1987) argues that the web is far from seamless, and should be considered a 
network of discrete and heterogeneous elements, whose relationships are transactional. 
System Momentum and the Emergence of Institutions'. This sfrand in the literature involves the 
emergence of a specific culture of technology comprising distinctive values, systematised knowledge, 
large scale institutions and career commitment and investment from practitioners. This culture is 
critical for creating a technological momentum that maintains the supremacy of one system over 
competing technologies until, as Constant points out the system is "deflected by some powerful 
external force or hobbled by some internal inconsistency" (Bijker et al 1987; p229). Hughes 
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emphasises that the importance of organisations and institutions, and institutional practices emerges as 
the system builds and maintains momentum. 
Maturity and Renewal: The final element in a complex system's lifecycle in the LTS model is the 
maturity of the system and the rise of competitive technological systems that initially sit alongside the 
original system, but later may replace or subsume it rather than complementing it. This part of the 
model is considered by Perez (2005) who describes how technological systems - like individual 
technologies - eventually exhaust their potential for further growth and improvement. The system loses 
market dynamism, reaches maturity and this threatens the future of most firms, stimulating the search 
for radical new products that can become the core of other new technological systems (Perez, 2005, p. 
223X 
The role of the individual: Hughes (1983) emphasises the role of individuals pivotal to systems 
technological invention, innovation, transfer and growth, and the roles of organisations in these phases 
and in the stage of increasing technological and commercial momentum and systems maturity. In the 
case of electricity systems this evolution is exemplified by Edison's invention and commercialisation 
of the incandescent filament lamp and the electricity generation and distribution equipment and 
networks behind it. The model demonstrates how resourceful individuals, such as Rathenau, von 
Siemens, Merz, Ferranti, von Miller, played a pivotal role in the transfer of these technologies 
internationally, the creation of industrial organisations such as AEG, Siemens and Halske, and their 
deployment in different cities. A problem with Hughes's model according to Davies (1996) is that in 
emphasising the socially constructed character of technical systems, Hughes invokes voluntarism, 
stressing the contingent issues of action - choice, decision and purpose - over those of structure which 
operate independently of human agency. While Hughes does address structural factors he does so 
through the metaphor of momentum. Another interpretation of the development of LTS is possible 
which involves organisations playing a much more central component. When a large telecom operator 
determines how it will deploy a new city broadband infrastructure, it must determine how best to 
exploit its organisation's competencies and resources and current infrastructure assets, which are sunk 
costs. The decision made by the London municipalities that owned the local gasworks in the 19"' 
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century was to resist or at the very least control the deployment of electrification in their boroughs - an 
example of issues of structure influencing not just the systems deployment but its design. 
The emphasis on the role of the individual is not unique to Hughes: Bell (1973) in the Coming of the 
Post Industrial Age comments on the pre-eminence of individual inventors in the 19"^  century and 
contrasts this with the 20* century emergence of large corporations and large scale R&D.' 
Hughes (1983) positions these individuals as the prime actors whose almost heroic actions propel the 
invention and propagation of systems. Hughes argues for complementary role of the organisation, 
especially as momentum builds and systems mature in the later stages of the system lifecycle. 
In the LTS model, where the system is the unit of analysis and the environment a contextual factor, 
individuals are portrayed as playing the pivotal roles in shaping the technological system and its 
successful deployment. However, if the city or district is the unit of analysis and the lens through which 
a technical system and its successful deployment are examined, do individuals assume the same 
importance or are the wider network of actors more important? Should this give cause for reflection on 
complex systems and the LTS model? 
From my examination of the initial development and growth of municipal and community broadband 
networks and related services, especially movements such as Wireless Cities, the evidence presented in 
this thesis emphasises the importance of communities of stakeholders working in organisations and 
competing networks of such actors rather than the emergence of inspired individuals. The development 
of these technologies and resulting systems, their pioneering adoption and subsequent exploitation in 
hundreds of cities, appear to be rooted more in firms and institutions, and the collaborative efforts of 
many stakeholders, rather than individual endeavour. Was it different a century ago? Is there an 
' "Almost all the industries of the 19th century - steel, electricity, telephore, automobile, aviation, wireless - were created by 
talented tinkerers ( Bessemer, Alva Edison, Alexander Graliam Belt ' (1973; p20). . . Bell continues that the major developments 
of the twentieth century, in telecommunications, computers, and material science and biotech are derived from revolutions in 
20th century physics and biology, and that R&D are tlie "handmaidens of invention and innovation" . 
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alternative view, a re-reading of the importance of organisations, an extended group of closely related 
stakeholders that complements these heroic individuals? 
One alternative view that I develop based on the case studies in this thesis, is that different types of 
organisational networks more than the individual, play a crucial role at every stage of the lifecycle of a 
complex system, not just in the momentum or mature phase, and this is especially evident when the 
LTS literature is viewed through the lens of the city or district. 
I argue that formulating and constructing complex systems does not just happen; it requires expert and 
inspired individuals, but it is organisations that execute, design, structure and promote the value chain 
from invention, to exploitation, to commercial returns. The actors most motivated to fulfil these tasks 
are those that have the most to gain in economic or social terms, and who have the combined 
technological, financial and social capabilities required to undertake these roles. 
Hughes (1983) and Nye (1999)) point to the crucial role played by Grosvenor Lowrey, Edison's 
counsel, who knew Edison when Lowrey was Chief Counsel for the Western Union Telegraph Co.. 
Lowrey guided Edison in matters involving Wall Street, New York City politicians and patent 
applications. His social network spanned New York's financial and political worlds and his office was 
in the Drexel building. He secured investments for Edison from Drexel, Morgan and Co. and the 
Vanderbilts. When Edison was sfruggling to fund the expansion of Edison Electrical Light Company 
(EELC) and it was becoming clear from a private canvassing of stockholders that not even a tenth of 
what was required was available, the Drexel, Morgan Syndicate somehow "squeezed out some money 
from elsewhere" (Hughes, 1983; p45). Drexel, Morgan and Co., which later became the Morgan 
Banking Group, had interests that included railways and telecommunications. JP Morgan owned 5000 
miles of US railroads and was an early investor in the National Bell Telephone Co. which was also 
established in 1879, and whose first General Manager, Theodore Vail, was formerly employed by the 
US Rail Mail Services. When National Bell moved to New York and AT&T was formed. Vail 
remained closely allied to the Morgan Banking Group. The Morgan Banking Group arranged for 
Theodore Vail to be appointed President of AT&T after his resignation Bell in 1887 (Davies, 1994). 
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Like the involvement of Lowrey with EELC, the Morgan Banking Group ensured the right actors were 
in place within the technology organisations they had invested in to ensure they would see their returns. 
In the 1880s and 1890s there was an explosive growth of large corporations in the United States and 
deployment of centralised management systems with the first example in the railroads (Davies, 1994). 
It can be conjectured that Edison, while being the inventor and "systems conceptualized' was not the 
unique organiser either of the technical system or the company he led. From the outset he was a 
member of an extended team whose collective efforts organised that technological and organisation 
system and the successful commercialisation of his innovations. Francis Jehl wrote in a private letter 
that was later published that the role of master conceptuahser was fulfilled by Francis Upton, Edison's 
mathematician and physicist (Hughes, 1983). Upton applied science and scientific methods, and found 
ingenious solutions to technical problems. Jehl adds that Upton established the rational principles that 
resolved the commercial and economic distribution system challenges facing EELC. 
Lowrey had introduced Upton into the EELC organisation. Whether it was Edison who assembled the 
rest of the team in order to fill the gaps in his own prodigious capabilities or the investors, we will 
explore later. However, based on what we see with National Bell, AT&T and the development of the 
US railroads, the investment community was playing a highly active role in determining the form and 
shape of the organisation of these firms. The commercialisation of Edison's laboratories inventions, 
and all the related innovations in technology, control systems, sales and distribution models, and 
business models, that were required in the development and deployment of a new technical system, 
demanded a sophisticated management team and organisation. Firms such as Drexel, Morgan and 
Company who had worked with railways, telegraph and telephony, understood these needs and ensured 
the right actors were put in place both within the organisation and in associated firms, that the 
organisational structure of the firm was sound, and that effective management systems were deployed 
to turn invention into innovation and secure the returns on their investments. 
A similar picture emerges in Germany. Werner von Siemens' cousin Georg, having worked for 
Siemens and Halske, eventually became head of Deutsche Bank in Berlin. Deutsche Bank had great 
influence over the rapid industrialisation that occurred in Germany after 1871 (Hughes, 1983, p. 201). 
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This and the example of Drexel, Morgan and Company, reinforce the role of organisation and structure 
from the outset and this point is reinforced by Galbraith (1972). To elevate the role of the individual is 
inspiring and engaging but as Galbraith comments: 
"The real accomplishment of modem science and technology consists in taking ordinary men, 
informing them narrowly and deeply, and then, through appropriate organization, arranging to 
have their knowledge combined with that of other specialized but ordinary men. This 
dispenses with the need for genius no individual genius arranged flights to the moon. It was 
the work of organization - bureaucracy". Galbraith (1972, p. 62) 
Upstream and Downstream Networks 
Another aspect of Hughes's LTS model that needs to be more clearly articulated is the difference 
between upstream and downstream technology development and deployment. The adoption of 
electricity networks was dependent on the upstream infrastructure of power plants, generating 
equipment, distribution networks, rotary converters and transformers to enable the components from 
prior technologies, e.g. transforming direct to alternating current, and allowing the use of assets from 
older systems and indusfries involved in the development of industrial and domestic electrical 
appliances including sfreetcars and street lighting, sewing machines and bedside lamps. Downstream, 
we see the supply chain of integrators, wholesalers engineering consultants, electrical retailers, end-
user fmancers that were promoting these systems. Without the upstream and the downstream chains 
being in place and understood and resourced, a value chain is unlikely to be commercially viable, and 
the system's development and growth will halter. We see evidence of this in the challenges that faced 
the electricity and telecommunications networks in London compared to Berlin and Chicago as each 
London borough took its own path and resisted a more coordinated and cenfralised approach for the 
city. The case study cities in this research are experiencing similar challenges in their deployment of 
broadband and municipal wireless networks. 
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There is a need for both multi-disciplinary organisations and a pro-active role of investment banks. The 
end of the IQ"" century saw the formation of holding companies in the electrical industries, influencing, 
even controlling the development of the upstream components of the value chain through partnership 
and equity positions in component, equipment and appliance manufacturers. Similar influence and 
control in the downstream components can be seen in the form of equity and voting stock in utilities 
and support for consulting engineers to assist firms in the transformations needed to exploit these 
technologies. Consulting engineers such as Charles Merz, from the firm Merz and McLellan, received 
support from Baring Brothers to advise firms in their exploitation of this new source of energy. 
(Hughes, 1983, p. 312) 
It would be easy to interpret this as being the long arm of the bankers reaching out to lone inventors, or 
skilled manager-entrepreneurs such as Insull, and building an organisation and extended network 
around them. What emerges is an specific community of actors that incorporates within it the 
technological and financial capacity to develop the upstream and downstream components of the value 
chain, energising it through finance, integrating it through management, motivated by the returns it 
should generate and participating in every stage in the LTS lifecycle, from invention to maturity and 
renewal. 
2.2 A Historical Perspective from 1850 to the present day 
This section summarises the literature describing the history of telegraphy, telephony, electricity 
networks and municipal wireless networks to identify lessons to help the analysis of LTS. Further 
information on the historical development of these technological systems is provided in Appendix A. 
Historical cases enable the distance necessary to observe how innovation develops and shapes the 
institutional environment (DiMaggio, 1992). I will first address the literature relating to telephony. 
2.2.1 Telephony 
When Alexander Graham Bell said: "Mr. Watson, come here, I want you!" a new era in 
communications was bom. These words, spoken into an experimental telephone on 10 March, 1876, 
were the first spoken words to be transmitted via electricity and were the culmination of an invention 
process that 29 year old Bell had begun some four years earlier. 
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Bell had set out to create a system of communication for the spoken word, not just the telephone that he 
patented on 7 March, 1876 in patent #174,465, a few hours ahead of his competitor Elisha Gray. His 
vision was expansive and in 1878 he wrote that, "I believe in the future wires will unite the head 
offices of telephone companies in different cities, and a man in one part of the country may 
communicate by word of mouth with another in a distant place" (AT&T Corporate History) 
The first 40 years of the telecommunications era, starting in 1876, fall into three major phases (Davies, 
1994). The first is the period of invention and concentration from 1876 to 1880, when the new National 
Bell Company and Western Union, the dominant telegraphy company, came head to head before 
reaching agreement. The second period from 1880 to 1893 was the period when the Bell company was 
enjoying the monopoly provided by his patent and was seeking to consolidate through control of a 
combined local and long distance operation before the patent protection expired. The third period from 
1893 to 1916 saw this position of dominance challenged by more than 6,000 competitors that emerged 
in the course of a decade and the attempts by the Bell company, that by then had become AT&T, to 
create a federated network were frustrated by competition and by regulators. 
Telephony - Lessons Learnt: Historical analysis show first the importance of management and 
organisations (not just individuals) in turning invention into innovation, and ensuring its successful and 
sustainable commercialisation; second, the importance of the technologically oriented financier 
community in extending the capabilities of the business, both financially and in commercial and 
strategic ways; third that success depends on controlling, or at least strongly influencing all the 
upstream and downstream components in the overall technological system, ensuring they are profitable 
and sustainable, and that the organisation's influence extends to technology standards, marketing and 
business support, as well as financing. 
Alexander Graham Bell was an inventor and systems conceptualiser in the mould of Thomas Edison 
but the similarities end there. Bell had little interest in being an inventor-entrepreneur, and after his 
patent in 1876, and marriage in 1877 he set off for a long honeymoon in England leaving the Bell 
Company to be managed by his father in law, Gardiner Hubbard who was President of the company. 
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and a lawyer named Thomas Sanders. Bell contmued in the career of scientist and inventor (AT&T 
Corporate Archives, 2008). Hubbard and Bell and the local investor community, recognised there were 
gaps in the company's commercial and managerial capabilities and brought in Vail as chief operating 
officer and then William Forbes to the board of director, which helped to expand the investor base. 
This followed the model described earlier at EELC where we saw the creation of a managerial structure 
and organisation to support the commercialisation of innovation and support the growth of electricity 
networks. In that case, Grosvenor Lowrey, Edison's lawyer attracted investment and brought in 
managerial and technical expertise by hiring Francis Upton, and Samuel Insull. A common factor is the 
involvement of JP Morgan in the developments at EELC and the National Bell Company. 
Crucial to the growth of National Bell Company, and later AT&T, was Theodore Vail's strategy of one 
system, one policy, and universal service realised through the creation of a national network, secured 
through the financial and technological control of the "downstream" component of the system, 
including the network of local operators that were enabled by the Bell System's centrally provided 
services. Control also extended upstream with the acquisition of Western Electric the equipment 
manufacturer. Creating, enabling and then controlling the upstream and downstream components in a 
large technical system is a pattern that was adopted repeatedly. 
2.2.2 Electricity Networks 
Broadband, ubiquitous wireless access and related digital services have been heralded by various city 
authorities as essential enablers for the transformation to the knowledge based, service led economy. 
They are seen as crucial in attracting high tech and service led industries, skilled knowledge workers, 
and to bridge social divides, and develop social capital. The city's innovative capacity would seem to 
depend on the wide spread deployment of these digital networks as illustrated in the case studies. This 
same thinking underpirmed the spread of electricity networks in the 19"* century. For instance: 
Governor Gifford Pinchot of Permsylvania commented that it was "a plan to bring cheaper and better 
electric services to all those who have it now, and to bring good and cheap electrical service to those 
who are still without it. It is a plan by which most of the drudgery of human life can be taken from the 
shoulders of men and women who toil, and be replaced by the power of electricity" (Hughes, 1983; 
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p298). He added that, "steam power might well say of electricity - One mightier than I cometh, the 
latchet of whose shoes I am not worthy to unloose" (Hughes, 1983; p304). Pinchot wanted every home 
to have electric light, heat and the benefits of labour saving appliances; he saw electricity turning slums 
into garden cities, establishing small industrial communities in place of gargantuan, chaotic cities and 
saw "electric power [as] capable of showering on the people gifts of unimaginable beauty and worth" 
(Hughes, 1983; p305). Daniel Bell (1973; p345) cites Paul Valery in the Coming of the Post Industrial 
Age, "Electricity in Napoleon's day had about the same importance as in the days of Tiberius, could 
have ascribed to Christianity.... the 'innervation' of the world by electricity is more fraught with 
consequences, more capable of modifying life in the future, than all the so called political events which 
have happened fi-om Ampere's day to the present time" 
The parallels between these visions for transformation enabled by new technological systems, a century 
ago, would appear striking and clearly there are lessons to be learnt from the evolution of electricity 
networks that can be applied to the present day. 
An era of invention of technology and systems 
On 20 October 1878 Edison announced his invention of an incandescent filament lamp and a system 
that would bring electric lighting to private houses, at lower cost than gas. He confidently asserted that 
a central generating station would furnish light and power to all the houses within a half mile radius. 
Five days earlier the EELC had been formed even before the invention of the incandescent lamp, 
generator, distribution system, and metering capability whose practical applications was not to be 
realised for 12 months (Hughes, 1983). However, Edison had a systems concept. By late 1879 he was 
confident about the essential design and manufacturability of his lamp and generator and emphasis 
shifted to the development of other major systems components. At Edison's Menlo Park laboratories he 
was able to demonstrate a pilot-scale system, and in early 1880 was costing and developing the 
business case to support a planned central station in New York with 10,000 lamps. In the UK Joseph 
Swan, the British inventor of the incandescent lamp, was equally well advanced in the development of 
the lamp, but not of a system and, according to Hughes, acknowledged in a conversation the superiority 
of Edison's system (Hughes, 1983). In Edison's view, if an inventor had created only a component, he 
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was dependent on some other to invent or supply complementary components. It was Edison's ability 
as a systems conceptualiser that distinguished him from his contemporaries. 
Hughes cites Edison who wrote that, "the improvement in one component in a system will reverberate 
throughout the whole system and cause the need for improvements in other components, thereby 
enabling the entire system to fulfil its goals more efficiently or economically" (Hughes, 1983; p23). 
And Passer (1953, p.83) explains that "The most significant aspect of Edison's activities in electrical 
lighting was his concern at every step with economic factor". Hughes described his systems approach 
as "econotechnical". The systems problems that Edison faced also had additional dimensions. They 
were simultaneously economic, in terms of how to supply electric lighting at a price that would be 
competitive with gas, political, as in how to obtain permission to deploy the system, and technical as in 
how to organise the power network efficiently for transmission (Law, 1987, p. 111). The technological 
system is thus indissoluble from the socio-cultural and economic systems, which Hughes (1983) 
describes as a seamless web. 
For Hughes, the context in which technical systems are deployed, and their resulting character are a 
consequence of the social, geographic, political and economic environment context. By comparing 
three cities, London, Berlin and Chicago and their deployment of electrical systems we gain important 
and relevant insights into the importance of governance and the forms of partnerships between city 
authorities and private electricity utility companies. This informs the development of the CCS 
framework proposed later in this chapter. The comparison also highlights the importance of creating 
demand with key actors working downstream of the generating firms, developing new uses for 
electrical power and balancing the load to ensure efficient operations, and the development of new 
innovations upstream of the generating firms, in terms of new technologies and generation and 
distribution equipment. Berlin had close partnerships with the public and private sectors, and was a 
highly technologically literate city authority, which became the European leader in the electrically 
powered industrial revolution. Chicago's success was led by strong and highly organised private sector 
intervention led by Samuel Insull. Similar efforts for the electrification of London failed as a 
consequence of the public and private sectors' failure to build a coalition. Government policy and 
regulation which protected the public/private interests associated with the gas industry, failed to 
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integrate the individual London boroughs in a collective endeavour. This set London back 40 years 
compared to equivalent cities, despite its being one of the most international cities at that time in terms 
of scale, reach, and political and commercial power, (Hughes, 1983) 
Electricity Networks - Lessons Learnt. Similar to the invention and growth of telephony, management 
and organisations are crucial to the ability to transform invention into innovation, and to deliver 
successful and sustainable commercialisation. The role of the technologically oriented financier 
community is vital, and in this case included JP Morgan, and especially Grosvenor Lowrey, and Georg 
Von Siemens for enhancing the capabilities of the business both financially and commercially and 
strategically. 
As exemplified by Insull's successful electrification of Chicago, and the failure of London, it is clear 
that control, or at least influence over the upstream and downstream components is crucial for the 
overall technical system, and for profitability and sustainability. This influence must extend to 
technology standards, marketing and business support, as well as financing. 
The case studies of Berlin, Chicago and London described by Hughes (1983) and complemented by 
Nye (1999), are described in more detail in Appendix A, and show the importance of strong and 
effective governance, based on a partnership model. In Berlin there was strong and respectful 
interaction between a technically and commercially capable city authority, industry, technology and 
financial partners on its advisory board, and a non-adversarial governance model for profit and revenue 
sharing. In Chicago those running the city were more likely to inhibit the deployment of a privately 
owned city wide initiative to replace the fragmented and failing local utility. Insull's commercial nous 
in securing exclusive rights from manufacturers allowed him to exercise the power to establish a 
private city wide electrical utility. London's governance model was inefficient, and the technical and 
commercial capabilities of the local authorities inhibited the execution of a broader vision for the 
electrification of London. That failure cost London 40 years or more in the development of what were 
then, the new industries and the modernisation of extant industry (Hughes, 1983). 
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The literature highlights the importance of governance and the right form of public private paitnership, 
active engagement and involvement in stimulating upstream and downstream networks, roles of actors 
that combine business acumen and technological expertise, and the need to complement the inspired 
individual with the resources of an organisation to transform their inventiveness and vision to deliver 
commercial and social impact. 
2.2.3 Municipal Ne tworks and Relat ionship to LTS 
In the light of the 19* century experience in telephony and electrification, I will now examine the 2 r ' 
century development of municipal and community broadband networks with a special focus on 
municipal wireless networks. This is not meant to be an exhaustive account of the development of this 
technological system, but is intended to highlight the relevance of the LTS model to a recent 
technological system and the relative maturity of municipal wireless networks compared to the phases 
in the LTS lifecycle. 
The beginning of municipal wireless and a paradigm shift in network topography 
Large scale deployments of municipal wireless networks began around 2003 and heralded a paradigm 
shift in the topography of networks as the number of both users and points of access multiplied 
providing connection for many more users outside the confines of the workplace. There is a shift from 
networks focused on enterprises to connectivity beyond or outside - a turning of networks inside-out. 
The untethered worker, capable of roaming within and beyond the workplace yet staying connected, 
had begun to emerge in the corporate environment around 2000 with the increasing use of lap top 
computers, PDAs and work patterns that demanded more flexible working, both organisationally as 
well as in terms of location. Workers could roam from office to meeting room, atrium to conference 
room, without having to plug an Ethernet cable into their lap top. From an organisational perspective 
project based teams could include internal and external partners from other organisations such as 
suppliers or clients. This involved working remotely, and coming together from time to time in a 
location. Workplace design changed to the provision of more flexible project spaces, touch-down or 
drop-in areas for nomadic workers, and less fixed and greater use of communal, public or semi-public 
spaces in offices. With the emergence of WiFi IEEE 802.1 IB and G standards, high speed broadband 
was available on a wireless basis within offices. The attraction of being free to roam without a "leash" 
increased within offices and the home. In 2004, Intel incorporated wireless connectivity in its Centrino 
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chipset and most lap top computers sold in 2006 incorporated wireless as standard. In 2002 to 2005 
sales of lap top computers grew from 20% of the market share in the US to over 60%, and figures for 
Europe and Asia were similar (IDC, 2005). Nokia and Vodafone were shipping 2.5G and 3G cards for 
lap top computers and smart devices to provide roaming capability beyond the office, and to support 
mobile workers. They were considered de rigeur for the self-styled "Road Warriors", the mobile 
salesmen and consultants on the road, visiting clients, for whom the car or airport lounge became the 
office. 
In 2003-2004 the availability of WiFi enabled devices that could be used in the office, and internal hot-
spots in cafes and airports, began to proliferate. Some of the more far sighted cities, especially those 
that had been deploying mobile cellular technology for their field based workforce, began to look at 
how they could use WiFi as an alternative lower cost solution. By 2004, there was a significant volume 
of devices, chipsets and enabling software and security systems available to allow wireless networks 
inside offices. The availability of external WiFi radio nodes offered by firms such as Bel Air, Tropos 
and Cisco, provided the opportunity to exploit these beyond the office walls and into public spaces. 
The inside-out paradigm shift in network topography had begun (Wireless Internet Institute, 2006). But 
where outside; who would own and manage these networks; who had rights of way to street furniture; 
what services might a municipality offer; what would be the role of the incumbent telecom operator? 
Could there be a broader social agenda and how was the existing radio spectrum to be allocated and by 
whom? These were a few of the many questions that required answers as wireless networks extended 
from the controlled environment of the office into the public domain. 
The inventor-enfrepreneurs plus the financiers saw the potential of WiFi at municipal level, and for 
supporting internal hot spots that BT, T-Systems, Swisscom and other established telecom operators 
were deploying. Leading wireless network equipment vendors and services companies such as Bel Air, 
Tropos, Telabria were founded between end 2000 and 2003 by enfrepreneurs. Start ups such as the 
Israeli Alvarion started pushing the technological boundaries with WiMAX the 802.16 IEEE standards, 
with a range 10 times that of WiFi. 
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The first years of the 2000s have witnessed the move from connectivity inside the organisation to much 
greater connectivity outside in both a physical sense as well as organisationally. The first municipal 
projects as well as private companies began using GPRS or 3G to provide data connections for their 
mobile workforces, and a number of competing technologies emerged. 
The early period of 3 0 up to the mid 2000s was difficult and it was an expensive and disappointing 
route for both mobile operators and mobile phone manufacturers. WiFi on its own as well as in 
combination with VoIP began to impact on investments in 3 0 licences. South Korea was the first and 
the fastest to deploy 3 0 technologies and penetration in South Korea is higher than in any other 
country. However the end user cost of 30 , especially for most data applications, meant that WiFi soon 
appeared to be a more attractive option for relatively static mobile data users. We can consider these 
users as mobile workers or individuals wanting access from anywhere but not necessarily travelling at 
high speed and rapidly crossing cell boundaries as might occur when travelling by car or train. When 
access on the move is required and at speed, the cellular mobile technologies of OSM, GPRS, EDOE, 
and 3 0 are advantageous over WiFi.. 
Systems growth phase 
The analysis so far shows that the LTS model for electricity networks where inventors-entrepreneurs in 
the initial stages lead innovation and deployment, is paralleled by the earliest deployment of wireless 
networks in business and the subsequent deployment of municipal wireless. 
We see the transfer of knowledge from city to city, through organisations such as Muniwireless 
originally in the US and now worldwide, the Wireless Internet Institute (WII) an independent think 
tank working with the UN ICT Task Force, and EuroCities which was founded in 1986 by the mayors 
of six cities including Barcelona and Birmingham and which now has 130 members and a dedicated 
arm addressing the knowledge society and municipal networks. All of these groups lobbied 
governments for the provision of Open Access Networks, worked with standards bodies to ensure 
consistency of environments to enable applications and services to be more readily ported from city to 
city, and helped cities to diffiise the best practice from their deployments. WII, Euro Cities and the UN 
ICT Task Force are just three of the many organisations that help in the transfer of best practice and act 
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as independent brokers helping municipalities to get the advice and skills they need to support their 
first steps in deploying citywide pervasive networks. 
In examining how municipal wireless systems are growing - and in 2009 there are over 350 
municipalities who had deployed such networks or in the process of deployment, (Muniwireless, 2009) 
it appears that this technology system has advanced through the phase two of the LTS model, (transfer 
and adaptation) and is moving into the LTS phase three - systems growth. At this point, a range of 
"reverse salients", or critical problems are arising as predicted by the LTS model. 
Earlier in this chapter I alluded to the questions facing municipal authorities and other stakeholders. 
Some involve technological problems that need to be addressed by the inventor entrepreneurs and 
engineer entrepreneurs who, according to Hughes, are pre-eminent in the systems growth phase. Such 
problems include: 
" Provision of low cost smart WiFi enabled devices for municipal workers 
* Extending the power and range of wireless devices with WiMAX technology and extending 
battery life for this power hungry technology 
» Ensuring secure networks, especially for corporate users and emergency services, since radio 
frequencies are inherently more vulnerable to attack than shielded/underground cables or fibre 
" Provision of reliable and high quality VoIP in terms of devices and networks that are sensitive to 
different applications, i.e. the ability and bandwidth to make a call while someone nearby is 
downloading a 25MB video from You Tube 
These problems are similar in nature to those faced by Edison, e.g. low cost incandescent light bulb, the 
availability of small electric motors inside new types of domestic appliances, distribution of electricity 
using underground metal conduit instead of pylons, and the cost of distribution versus AC supply, or 
the reliability of electricity supply versus gas to the home. 
Addressing the "reverse salients" in Municipal Wireless 
The issues involved in the deployment and systems growth of electricity and telephone networks in the 
19"' and 20"' centuries, and those faced by cities at the beginning of the 21" century in deploying 
municipal wireless networks is are similar in nature, but are likely to call on a much broader group of 
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actors - organisations ratlier than individuals. The challenges, or "reverse salients" for municipal 
broadband networks, like those for previous technological systems are not confined to technology. 
Cities wanting to exploit the new technologies and drive their adoption are faced with issues beyond 
the technical boundaries of service generation or production, distribution and user access. The most 
critical challenges are related to regulatory issues, provision of compelling content, re-engineering of 
community services, sustainable business models, governance and control, and other non-technical 
challenges that are impeding the advance of the these systems. Successfully resolving these socio-
economic issues is more likely to be achieved by organisations, than inspired individuals, and achieved 
by organisations working collaboratively. 
Relationship between Municipal Wireless and the LTS Phases 
Cities are deploying these networks for economic, social and productivity reasons. In addressing these 
reasons, it is clear that the technical infrastructure is an enabler but is not the key determining factor for 
delivery of a service that adds value to the businesses, institutions and individuals that constitute a city. 
So fixing the technical issues and reversing the Hughesian reverse salients is not sufficient. The 
"reverse salients" that need to be addressed are, in Hughes's terminology, "econo-technical". (Hughes, 
Economic Imperative: To attract new firms and encourage vitality particularly of small and medium 
enterprises (SMEs) in the new knowledge based industries, there needs to be an affordable, well 
supported, reliable and readily accessible broadband infrastructure, available in the office as well as for 
mobile employees. Deploying that network, especially for SMEs, requires support, training, relevant 
content and a rich suite of services. Cities such as Corpus Christi in Texas are working hard to attract 
independent business partners to build those services (Scott, 2006). This in turn, implies that network 
providers need to offer open access networks and remain neutral operators not trying to impose 
services additional to those deemed necessary by city authorities and the SMEs working in partnership 
(Interview, Van Dongen, 2007). The challenge faced here is governance, and not only technical 
governance but political. 
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Productivity: Similarly, for cities' mobile workforces to benefit from these technologies devices and 
new application systems are necessary and not just the digitisation of existing processes. Redesigning 
processes as evidenced by the case studies of London boroughs such as Westminster and Shoreditch, is 
necessary if cities want to make savings and engage the public m the delivery of better services. This 
involves workflow and process engineering, enabled by technology, not the simple application of 
technology to replace an existing technology. 
Social imperative: In terms of social cohesion and bridging the digital divide and the provision of 
services to the disadvantaged and economically deprived, the issues of affordability and subsidy are 
important. Offering free internet services beyond the confines of cities' own establishments, or offering 
free, unique city authority content, raises questions of unfair competition versus other service 
providers. However, charging for these services is beyond the legal remit of public bodies. These are 
thorny issues that cannot be resolved technically. The legislative frameworks and institutional bodies 
we would expect to see emerge in phase 4 of the LTS model (momentum) are not yet fully formed. The 
business models that allow cross subsidies from other savings or revenue generating services have not 
yet emerged with any consistency or at any level of general acceptance. 
Parallels between Municipal Wireless LTS and by implication CCS 
We can draw three insights from the LTS literature in relationship to the emerging field of municipal 
wireless: firstly that there are strong parallels between the emergence and evolution of electricity 
systems and municipal wireless networks and services. Secondly, that the system maturity level of 
these networks is at the systems growth phase of the LTS model and has not reached the systems 
momentum phase. This is important in terms of the sustainability of these systems since lack of 
momentum will make them vulnerable to competing technological systems, such as 3G cellular mobile 
networks. The lack of an accepted business model may lead to faltering deployment and the demise of 
the firms providing the technology, integration, operations and content. Thirdly, we can begin to see 
the emergence of factors outside the LTS that affect the design, deployment and exploitation of 
municipal broadband systems. In this section I outline the CCS framework which takes account of 
these factors. 
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2.3 Stakeholder Analysis 
Hughes's model shows how social, political, technical, scientific, and economic considerations are 
permanently interwoven in a seamless web (Hughes, 1983; Constant, 1987). However, although 
seamless, there are distinct communities of actors who shape the form of that web. For instance 
communities of actors may include the users or consumers of services, the distribution channels that 
with whom they engage and that support them, the politicians and regulators who enact the consumer 
legislation that protects them or regulates the supply chain network that furnishes the products or 
services they consume (Latour, 1988). 
These networks of actors are highly dynamic. The elements can at any moment redefine their identity 
and mutual relationships in some new way and bring new elements into the network. An actor is 
simultaneously an actor whose activity is networking heterogeneous elements, and a network that is 
able to redefine and transform what it is made of (Gallon, 1987). 
In the case studies, I examine the individual stakeholders and the networks they form as they relate to 
municipal and community broadband projects. I explore the dynamics between these networks and how 
they can influence the successful outcome or bring a new system to an untimely halt. I incorporate 
these networks of actors as a component of the CCS conceptual framework, recognising three different 
network typologies associated with the management, specification and commissioning of technical 
systems; the design and deployment of the system and related services; and the consumption of those 
services. I then consider the role of a meta-network that influences the formation of the other networks 
and overall system. 
2.4 LTS and Organisational capabilities 
The success or failure of major technology projects in firms and institutions is dependent on the 
capabilities and capacities of the organisation defining the project and their resources, and their 
partners' and suppliers' resources responsible for its execution. Clearly, in projects such as pervasive 
municipal networks, these factors are important to the systems effectiveness and they ultimate outcome 
of the project. Flowers, (2007) and others (Penrose, 1959; Teece et al 1997; Grant, 2002) emphasise 
that the success of organisations and their expansion based on existing technology or market base is 
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dependent on the increasingly specialised characteristics and utilisation of their resources. We see that 
firms entering new market places or new fields of technology need to be able to mobilise and redeploy 
their resources with agility and speed, which contributes to their innovation capacity. The literature 
expresses the firm's or organisation's capabilities in terms of the technology base and market base of 
firms. The technology base includes R&D competencies and production of technology based products 
and services. The market base focuses on firms' insights and understanding about client needs, the 
ability to develop relationships and sales and distribution operations. As firms undertake incremental 
innovation in their core business, and introduce new innovations, they need a combination of these 
capabilities. For instance, a local authority's capabilities or lack of them in terms of marketing might 
limit the number of users of a mobile municipal portal, or broadband service, despite having a 
technically sophisticated network and attractive services. 
Flowers (2007) highlights the challenges faced by organisations as they seek to acquire the high-
technology capital goods, systems and services that form the core of their operational infrastructure and 
explores the part played by external specialist suppliers and consultants in the acquisition process due 
to limitations in the organisations capabilities. 
The lack of capabilities issues can be resolved through partnership within or between organisations. For 
example where an organisation has deep customer insight and a strong market base, but lacks the 
technology base, then it may partner with others who bring the technology base. Partnering, rather than 
building in house capabilities can help with speed of deployment and agility as building new 
capabilities may be too slow, if only one of these capabilities exist, the competitive position of the firm, 
organisation or even city-region may be impacted as a result. The challenge for City Authorities is to 
have a good technical base from which to evaluate the needs of the municipality or district, and the 
capabilities in-house or the capabilities to select partners to outsource to. 
In-house IT departments may have little experience of new technologies and organisationally may be 
resourced to provide basic services rather than new capabilities. The benefits from deploying new 
capabilities will depend to a great extent on the process transformation and re-engineering of existing 
city services which again raises issues of their technical base as well as governance. This cross-
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functional dependency adds complexity as the capability to mobilise and redeploy resources across 
departmental boundaries is challenging for most organisations. 
2.5 Creating a Knowledge Intensive City and the role of ICT 
The next strand of the literature review addresses urbanism and the role of ICT in the knowledge 
intensive city. 
Imperative for Transformation 
Elected mayors and city officials are under electoral pressure to maintain the competitive positions of 
their cities and hinterlands. They are faced with globalisation, the transition to a knowledge intensive 
and networked economy, and social changes which impact on the city or regional economy, its industry 
base and employment opportunities. Large scale infrastructure projects related to energy, transport, or 
telecommunications have been among the mechanisms cities have employed to enhance their 
amenities, to encourage firms to relocate and to attract inward investment and grow social capital 
(Michaud, 2003). 
The relationships among cities are dynamic as they compete nationally and internationally. In a 
networked economy, cities are linked one to another, and in turn to smaller conurbations and secondary 
nodes of production, distribution and consumption. The stronger cities may grow stronger and others 
fall behind based on levels of production, distribution and consumption. Glaeser (1998) points out that 
cities find it difficult to recover lost leadership. For instance, New York is the only one out of the 16 
largest cities in the North-eastern or Mid-western United States whose population is bigger than in the 
mid 1990s. In that time, the decline of some great cities has been precipitous, with their populations 
halving since the 1940s while total population in the US has almost doubled over the same period 
(Glaeser, 2005). 
The analysis by Glaeser (2005) highlights how most of the cities that were dominant in the industrial 
era have failed to adapt to the knowledge based economy, and that globalisation is resulting in 
knowledge based jobs moving to the rapidly industrialising nations in Eastern Europe, Asia and South 
America (OECD, 2005). In this section of the literature 1 review the work of Michaud (2003), Florida 
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(2002), Barcelo (2002), Castells (1996) and Hall (1998, 2006), and others, to gain an understanding of 
the knowledge intensive city, and the role of ICT in enabling cities to transform themselves to compete 
in a knowledge intensive, service led economy, and incorporate these insights into CCS model 
Developing the city's knowledge intensity 
Michaud (2003), in her paper for the Montreal Knowledge City Advisory Committee proposes the 
notion that three factors determine the extent of a city's knowledge intensity. 
• The degree of knowledge production within the region 
• The pace of assimilation and use of new knowledge produced worldwide 
• The scope of knowledge circulation among communities. 
These factors provide a helpful framework for organising the literature in this area that is reviewed 
here. 
Knowledge Production: All cities, at any point in time, display acquired knowledge, including an 
inherent skills base and the competencies embedded in their firms, institutions and individuals and the 
linkages between them. To build on these existing assets and grow new sources of knowledge, requires 
a balanced combination of business firms, universities, public and private research centres, and a 
creative community of designers and artists (Florida, 2002). When talented individuals from these 
various organisations work together this creates a powerful engine for new knowledge production and 
dissemination, spurring regional and economic growth. Black and Henderson (1997) model the 
evolution of cities and the importance of knowledge spillovers and externalities, and show how cities 
grow with the accumulation of individual human capital and local knowledge spillovers which together 
accentuate the scale economies of urbanisation. Similarly, Simon and Nardinelli (1996), in their study 
of English cities in the 100 years starting in 1861, show that human capital and particularly skills 
connected with the spread and production of information, exert a systematic influence on the growth of 
cities. They highlight that cities with a greater concentration of highly educated individuals become 
more productive and grow in population. Glaeser's (1998,2005) research points to a similar 
relationship. 
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The larger the proportion of the city's labour force involved in science, technology, art and design and 
advanced business services, the greater will be its development of knowledge capital. When these 
aspects are combined with existing knowledge, such as the deep expertise and specialisation that set 
say Manchester apart from Birmingham during the industrial revolution, or that is found in cities such 
as Stanford, Singapore, or Taipei in the 2000s, then this mix is especially potent according to Hall 
(1998). 
It is this capability to produce new knowledge that drives the creation of new companies, improves the 
competitiveness of existing organisations and accelerates the emergence of whole new sectors, A 
skilled labour force is a necessary but not a sufficient condition for success, and many other factors 
come into play; organisational, institutional, spatial - to allow people to get together, and technological 
- to enable individuals and organisations to communicate easily. I show later that communications 
technology and knowledge networks play a crucial role in enabling the necessary communication, 
social network building, and the tools for knowledge development and management (Glaeser, 1998, 
20&0. 
Knowledge Assimilation and Use: Michaud (2003) explains that the generation of new knowledge can 
on its own achieve nothing for a city; it requires also the ability to assimilate and exploit that 
knowledge and turn creative ideas and technological value into social and economic value. A city that 
can reap the benefits not only of its own innovation, but also import and integrate pools of innovation 
from elsewhere, thus generating new and differentiated value, will enrich itself still further. The pace of 
knowledge assimilation and use depends on the ease of access, insight into the often tacit powers of 
specific sources of innovation, the power of integration, and the ability, to extract value through access 
to capital, exploitation of available channels of distribution, production or leveraging of the existing 
client base, and so on. This process relies on the competencies of individuals, firms and institutions and 
their capacity to join creative and often informal networks or rapidly establish new entrepreneurial 
networks. Again, having pervasive ICT networks and relevant services that facilitate access, help 
identify potential partners, and create new networks, is fundamental to enabling this process of 
assimilation and intense use. 
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Knowledge Circulation: Finally, and not mutually exclusive from the other factors, Michaud (2003) 
highlights the importance of knowledge circulation: whether it among small groups of people within a 
firm or organisation, within a particular discipline, or whether it is shared more widely across extended 
networks and organisations, and across disciplines. Marvin and Graham (2001) point to the importance 
of and the challenges associated with communications technologies. The digital technologies used for 
knowledge transfer are not ubiquitous, access to local concentrations of such technology is crucial and 
for effective knowledge transfer, but some parts of society are socially excluded from this and 
disadvantaged socially and economically as a result. They also stress the need for not only broad access 
to these information networks but also for access to spaces that enable face to face meetings. Locations 
that facilitate person to person contact will improve competitiveness and these considerations have led 
to an increase in localised concentrations of knowledge in a small number of highly connected cities 
(Glaeser, 1998). 
Michaud (2003) adds that innovation is increasingly generated by combining ideas and insights from 
different disciplines and communities, is enhanced when multidisciplinary teams are engaged, and 
generally takes place across much greater geographies than just cities and their immediate economic 
hinterlands. Crossovers from nanotechnology to pharmaceuticals, media industry and biotechnology, 
supply chain and stochastic analysis are common. And multidisciplinary teams, leading innovation, 
frequently rely on specialists from a number of technological disciplines: engineering, business, 
ethnographers, designers with art and design backgrounds. They often depend also on people from 
beyond the city region to refresh the knowledge base. 
A city that is able to nurture these crossovers, embed them in its ways of doing business, bring fresh 
insights to challenging problems, and maintain vitality in its innovation pool will be able to compete 
more effectively in the new knowledge-based economy, and to reinvent itself when faced with friture 
economic, technological or social upheavals. 
Overall Knowledge Intensity: Michaud (2003) demonstrates that leading knowledge cities score highly 
in all three elements of knowledge production, assimilation and circulation (see Figure 2.3), which 
shows that cities in the lower left quadrant may start with high levels of acquired knowledge, but will 
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wilt under the competitive heat of more knowledge intensive cities. The case studies in Chapter 4 
examine how cities are employing broadband networks, municipal wireless and related services as a 
means of asserting their position in the knowledge economy, and how they support these three 
dimensions of knowledge production, assimilation and use, and circulation. 
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Figure 2.3: Relationship between knowledge production, assimilation and circulation (Michaud, 2005) 
Michaud's (2003) analysis provides a means of assessing the knowledge intensity of a city in terms of 
its capability to produce, absorb and circulate knowledge. 
Social capital and its impact on a city's or region's capacity for innovation 
There is a substantial body of literature on global institutions, national governments or sponsored by 
governmental bodies and the importance of innovation for competitiveness (Lisbon Accord, 2000; US 
Council on Competitiveness, 2006; Lever, 2002; Chen et al., 2004). The relationship between skills and 
the continuous re-invention of a city is described in a paper by Glaeser (2005), which builds on the 
work of Simon and Nardinelli (1996). Glaeser shows the importance of a highly skilled work force for 
the social and economic vitality of the city as measured by growth in house prices, employment, 
population, GDP per capita, and the ability of the city to absorb economic, political and climatic 
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shocks, through its capacity to both re-invent its industry and in effect to re-invent itself (Glaeser, 
2005). 
Linked to the concepts of data assimilation and use highlighted by Michaud (2003), we should consider 
the importance of backward and forward linkages to suppliers and markets (Glaeser, 2005; Henderson, 
2003). These can create the lock in effects for established cities and produce vicinities where it is 
difficult for new communities to become established and for firms and individuals to relocate to (Fujita 
et a l , 1999). These effects are described in terms of spatial as well as industry or sectoral clustering 
and the importance of centres with a highly skilled workforce to attract firms to relocate or establish 
new production or operational centres (Lever, 2002; Porter, 1998; Sassen, 2002). These effects are seen 
in terms of the clustering of innovation derived from tightly linked supply chains, collaboration 
between firms and concentrations of skills (Aydalot, 1986; Hall et al, 1998, 2006). They can be 
examined through the lens of spatial economics and the role of urban spatial patterns on innovation and 
economic outcomes (Fujita et al., 1999) 
Influx of human capital, international social networks and the impact on the local economy 
There is a burgeoning literature on the importance of human capital for increasing levels of innovation 
in many industries and localities. This literature examines local attributes and amenities that attract 
skilled international labour to a specific locality and the extra effects that develop through international 
movements between places of origin and settlement, which create new social and economic networks, 
which in turn result in new business opportunities. Saxenian (2005) shows that new immigrants as well 
as first generation US citizens from China, India and South East Asia represent around one-third of 
employment in the high tech industries of Silicon Valley. She suggests that the transformation since the 
late 1990s of the rapidly emerging economies, especially China and India, and their skills base, has 
created not only outward flows of highly trained knowledge workers to the US, but has initiated reverse 
flows as many of these knowledge workers return to their home countries and towns. This return is not 
a reverse brain drain but rather is evidence of what Saxenian (2005) describes as 'brain mobility'. Brain 
mobility refers to individuals that work in one or more locations and move seamlessly between them, 
even when they are many time zones apart. In the case studied by Saxenian, skilled professionals and 
senior managers return 'home' part time, or for short periods to establish local businesses that can 
supply US-based firms with goods or services or provide outsourcing services. 
51 
In the case of Silicon Valley there is an international professional community connecting and engaging 
with local firms as well as developing ties with communities of origin through international social 
networks. This international community's social network, which extends back to home countries and 
other countries of one time residence, is an important tool for increasing the competitiveness of firms in 
their original localities and opening up potential new international markets. 
National and regional systems of innovation 
As described in the introduction, cities are transforming themselves to compete in an increasingly 
knowledge based, services led economy, and are exploiting digital infrastructure as part of a broader 
system of innovation. Systems of Innovation (SI) occur where organisations and institutions, including 
laws, rules, norms, routines, or specific policy actions at national, regional or city level, combine to 
"create systems for the creation and commercialization of knowledge" (Edquist, 2005, p. 182). 
Freeman (1987) refers to national systems of innovation (NSI) which combine a network of institutions 
in both the public and private sectors that initiate, import, and support the diffijsion of new 
technologies. Similar to the LTS model we see these systems embedded in a much wider socio-
economic system that encompasses political and cultural attributes as well as economic policies - and 
these help to determine the scale and relative success of the SI (Freeman, 1987, 2002). An important 
consideration in the context of cities and the city authorities is Edquist's (2005, p. 285) proposition that 
"all specifications of the SI concept highlight the role of institutions, rather than assuming them away 
from the list of determinants". The role of regional SI becomes more challenging in terms of the 
geographic specification, the relationship between national, regional, and city specific institutions, 
resources, and initiatives and the extent to which the engagement of the organisations and institutions is 
localised and coherent (Edquist, 2005). But as we will see, cities such as Barcelona and Karlskrona are 
focused on their own city based SI and see their digital initiatives as a key component in improving 
their innovative capacity. 
Social and Economic Impacts of ICT 
A knowledge intensive economy is reflected in changes in the skills of the workforce, its output, and 
the nature of the knowledge inputs, e.g. tacit/implicit/institutionalised and codified (Von Hippel, 1997; 
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Bell, 1976; Castells, 1996). Just as the nature of individual work and the character of its inputs and 
outputs are changing, there is a transformation occurring in the nature of the enterprise in relation to its 
geographic distribution, the spatially distributed networked enterprise, and the relationship between the 
firm and the individual. There is a corresponding growth in the use of subcontracting, the casualisation 
of labour, and growth in outsourcing of specific functions within business, and also entire business 
processes (Castells, 1996; Sennett, 2006). ICT is playing an enabling role in the distribution of the 
enterprise, the componentisation of the business processes that support outsourcing and the 
casualisation of labour. The enterprise in turn is seeking different skills from its workforce, because of 
the nature of the work, its distribution, and the flattening out of enterprises. Enabled by ICT, 
enterprises are distributing their activities globally, flexible/distributed work patterns are emerging for 
professional workers, including an increasing trend towards teleworking (Bell, 1973; Sassen, 1998; 
Harrison, 2004). 
There is a substantial body of literature on the role and impact of ICT in conjunction with other pre-
cursors to innovation, e.g. universities, skills, regulatory and fiscal environment, transportation, 
especially airports, although this is mostly at the level of the region or nation. There is little at the level 
of the city that directly explores the impact of the more recent advances in broadband in our cities. It is 
relevant to consider the role of these technologies in terms of enabling the financial services sector and 
the emergence of global cities as business hubs, the informational city (Sassen, 1998) and the city as a 
space of flows (Castells, 1996). However there is little quantitative analysis in the literature that 
measures the economic impact of broadband at the level of municipality/city. 
Lehr et al. (2006), however, did a study based on FCC data on broadband availability, by zip code, 
which looks at the relationship with economic indicators, such as GDP per capita, employment, house 
prices, new firm start ups, growth of the employment in the knowledge economy. Their study uses FCC 
data on broadband usage in 2000 but at the level of the state. However, their analysis does not provide 
insights into actual usage at zip code level, or the level of clusters of zips that make up a community or 
metropolitan area. The analysis is limited to a binary statement; whether a specific zip code has access 
to broadband or not. 
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Glaeser (2005) considers the impact of these technologies on social capital including the growth and 
effectiveness of social networks enabled by ICT, and the increase he observes in the number of face to 
face meetings. This work looks in particular at the role of telephony and email to determine whether 
they are substitutes for or complements to face to face interaction. Glaeser find that the more intensive 
the use of these technologies, rather than replacing communication, they expand the social networks of 
users, and while each relationship may now have a smaller proportion of time spent face to face, 
relationships are more numerous and in aggregate more time is spent in face to face interactions. This 
has implications for the design of cities - rather than solitary work on individual lap top computers the 
reality may be significantly more interaction. Florida (2002) considers the role of this infrastructure and 
related digital services in providing the city with amenities that might attract new workers to specific 
districts, especially the creative classes and industries. 
Emergence of a digital divide 
Of course there are two sides to the technological arguments in cities in Europe and the US, and there 
are many studies on the problems of division and exclusion created by the digital divide (Graham et al., 
2001; Sennett, 2006; Mitchell, 2003), as well as the physical divide that is the result of gated 
communities, and "enclaves" of higher paid knowledge workers that might "secede" from their locale 
(Graham et al., 2001) 
2.6 Adoption and Diffusion of Innovation 
The LTS model describes the technology transfer, systems growth and momentum phases and Hughes 
(1983) illustrates how electricity networks were first piloted in Pearl Street in New York City, and 
Holbom in London, the transfer of this technology internationally and its adoption in Paris, Berlin, 
Frankfurt, and the growth in the reach of those networks, their exploitation and the range of new 
capabilities they offered. Cities would appear to be adopting the new digital technologies and 
deploying pervasive networks in a way similar to the deployment and adoption of electricity networks 
and with similar goals of supporting new industries and social and broader economic transformation. I 
reviewed the literature in the field of adoption and diffusion of innovation to inform my research on 
why deployment in one city might differ from that in another, what form reverse salients might take, 
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and to understand to what extent cities and various agencies, with their inherent complexities behave 
like firms or individuals. 
Freeman and Perez (1988) describe technology systems (TS) and expand this to the Techno-Economic 
Paradigm (TEP). They describe how individual products build on one another and are interconnected 
within the TS and with each product development cycle within a broader family of products, so that the 
system extends to incorporate new products and new system improvements. However, some changes in 
TS are so significant that they have a major influence on the behaviour of the entire economy. Changes 
of this kind incorporate many radical and incremental innovations and may include several new TS. 
Crucially, this technical change can have pervasive effects throughout the economy. Freeman and 
Perez (1988) use the expression TEP to describe changes on this scale. They propose that innovations 
happen in long waves relating to the internal coherence of the system, and the timescale for widespread 
transformation or renewal of existing paradigms. To realise the full potential of such major new TS, 
vast change is required in the socio-institutional framework. Changes in the technology often happen 
much faster than changes in social institutions, leading to conflicts among socio-economic interests 
actively promoting the new technologies and those seeking to preserve past investments, traditional 
institutions and existing practices. 
An analysis of the literature on complex systems deployments in cities shows how the early 
deployment of electricity networks was challenged by the owners of the municipal gasworks. They 
were providing gas for lighting and heating in homes and the streets. They had sunk infrastructure costs 
and existing institutional practices. These were potentially being disrupted by competition from 
electricity by a producer in the city or another municipality outside their sphere of influence. In the 
2000s technological and commercial partnership choices have to be made by cities as they seek to 
deploy digital broadband and municipal wireless networks. The service providers include fixed line 
operators, such as BT, mobile operators, such as Telefonica and Vodafone, new entrants offering WiFi 
and WiMax solutions, such as Cloud Networks and Earthlink. And in the case of London, there is the 
greater challenge that its 34 boroughs have almost independent, even competing digital initiatives, just 
as Hughes (1983) described when in the 1880s the 29 London boroughs championed their own 
technical solution for electricity supply, and these were constrained by established institutional interests 
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such as the municipal gasworks. Such complex city technical systems require networks of innovators, 
not just individuals to overcome the problems associated with the inertia of existing economic interests, 
practices and social institutions. 
Freeman and Perez (1988, p. 39) describe how "an explosive surge of interrelated innovations involved 
in a technological revolution could probably have occurred earlier and in a more gradual manner. But, 
there are strong economic and social factors at play that serve as a prolonged containment first, and as 
unleashing forces later". The development and application of digital broadband, pervasive wireless 
networks and related services may not be a new TEP, but the issues raised by Freeman and Perez need 
to be considered as part of a complex city system. The changes required to the socio-institutional 
framework for say the delivery of new public services, or the economic model necessary to ensure the 
system is financially sustainable are substantial. And the success or failure of such innovation at the 
level of the city may depend on how these are considered and acted upon. Similarly, the development 
and success of "smart city" infrastructure and services by firms such as Motorola, BelAir, IBM, BT, 
may need to take these factors into account in order to reach the systems growth or systems 
momentum phase in the LTS model. Firms may fail or retrench as they confront this particular 
challenge. 
A second strand of the innovation literature relevant to cities is the literature on adoption and diffusion 
of innovation. Hughes's model for the evolution of large scale systems appears to parallel theories of 
adoption and diffusion of products and services put forward by Rogers (1962, 2003) and extended by 
Moore (1991). When a new product or service is launched and is in the early lifecycle, the first 
customers that the solution attracts can be termed innovators. Rogers (1962) claims that successive 
waves of users can be categorised as innovators, early adopters, early majority, late majority and 
laggards. A question we seek to answer is whether cities and the city authorities that specify or 
commission large technical infrastructure systems, such as municipal wireless, digital broadband and 
related services, behave in a similar way to individual and business consumers, and whether there are 
parallels with Hughes's model especially in terms of the phases of technology transfer and systems 
growth. 
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Moore (1991) builds on Rogers's (1962) work describing how an adopter's readiness to adopt an 
innovation depends on the willingness to take risks to maintain or gain leadership, the immediacy of 
needs, the capabilities to use or deploy it, and the way in which the products or services are evaluated. 
During each phase of the product or services lifecycle the characteristics of the buyer change and so do 
the attributes of the product or service and the players involved in the sales and implementation 
process. 
Moore (1991) considers the adoption and diffusion model in four phases; which seem to closely 
parallel Hughes's first four phases. 
« Introduction; During the introductory phase of a product, it will appeal to innovators who seek 
to create new paradigms, and may act as self integrators or in close partnership with a third party 
integrator to incorporate all the elements required in creating new business, personal or social 
value. 
' Solution: They are followed, in turn, by the early adopters who may take a more pragmatic view, 
seek some evidence of value, and exploit the solution building and network of associated 
providers of products and services. This is where we see the emergence of a more integrated 
value proposition which we can call the solution phase. 
» Distribution: As the early and then later majority see the benefits gained by others, and bearing 
in mind a lower propensity to take risk, and/or lower capability to integrate or deploy a solution 
that is not effectively "plug and play", the product or service will take on another set of attributes, 
making it suitable for broader distribution. 
» Commodity: Finally as the product or service reaches volume distribution, then it is likely to 
become commoditised. In such a distribution model, especially one using a two tier wholesale 
distributor and reseller/retail model, the offering must be completely integrated as there can be 
little opportunity through such a channel structure to personalise the offering, or provide 
sophisticated local support. 
The successive phases of a product that together make up the familiar S curve are depicted in 
Figure 2.4. 
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Figure 2.4: Product or Service Lifecycle (schematic based on Moore, 1991) 
Companies unable to evolve routes to market or the characteristics of their product or service 
throughout the product lifecycle, are likely to cede distribution channel capacity and market share to 
competitors. From this analysis Moore (1991) indicates that three factors are in flux through the life 
cycle: the customer set, the channels they buy from, the characteristics of the product or service 
offering as shown in table 2.1. 
Introduction Solution Distribution Commodity 
Who Innovators and 
Early Adopters 
Early Adopters Early/Later 
Majority 
Laggards 
Channels Systems 
Integrators or 
direct from vendor 
Specialist 
Channels 
Value Added 
Resellers and 
tele-w/eb 
Distributor 
Retail 
Web 
Offering Bespoke or 
flexible 
components 
First of a Kind 
Complete Solution 
that is "Mass-
Customi sable" 
Standardised 
Solution 
"off the rack" 
Table 2.5 Atti'ibutes matrix by user, buying behaviour and offering (based on Moore, 1991) 
The question 1 address through the case studies is to what extent this model is applicable to the way 
city authorities behave in their commissioning and deployment of technical systems? Moore (1991) 
considers the application of this model to consumer and business to business adoption of innovative 
products. However, city authorities and related agencies and LTS have a much greater degree of 
complexity, hence the need to examine the applicability of the model. 
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The case studies in Chapter 4 explore whether some city authorities behave as innovators and partner 
with their suppliers to create leadership solutions - 'first of a kind' implementations; or whether they 
demand a highly packaged implementation from a partner who will effectively deliver a turnkey 
solution. Hughes (1983) and his examination of the deployment of electricity networks in different 
London boroughs in the late 19* century and early 20* century, provides evidence of these differences 
in behaviours and outcomes. The adoption and diffusion models proposed by Rogers (1962) and Moore 
(1991) predict that there will be differences in both the way a solution is packaged as well as the way it 
distributed and bought. In the case studies I will examine to what extent this holds for cities rather than 
the individual consumers and business to business transactions described by Moore (1991), and for 
complex LTS versus the more straightforward products that feature in this literature. As is evident from 
this examination, the adoption and diffusion of innovation, and the actors involved are likely to be 
important components in of the CCS conceptual framework. 
2.7 Unanswered Questions - Gap Analysis 
In this section I examine the gaps in the literature in three distinct domains: 
" LTS model 
« Socio-economic impact at the level of the city or district 
» Diffusion of innovation and market adoption. 
The review of the literature offers a new interpretation and potential extension of the LTS model and 
this is reinforced by early learning from the first phase of the case studies. It also enables the 
development of a new conceptual framework - the CCS, which is described in section 2.8. This 
framework is induced from the initial case study analysis and I subsequently reframed the case studies 
to reflect the CCS. 
2.7.1 LTS model 
In the literature review I draw parallels in the way cities are deploying digital technologies, particularly 
municipal wireless broadband networks, with the deployment of telephone and electricity networks a 
century earlier. I reviewed the seminal work of Hughes (1983), the insights of Nye (1999), the 
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extensions by Bijker et al. (1987) and sought to demonstrate these parallels by comparing the maturity 
of municipal wireless deployments with electricity networks at the end of the nineteenth century. I 
initially applied the LTS model to provide a theoretical framework for the analysis of the case studies 
and then through inductive methods developed the conceptual framework CCS to refine the analysis. 
The research activity, especially the learning from the case studies in Chapter 4 is designed to bring 
new insights into the LTS model and to allow extensions to be proposed to it and the CCS. 
Constant (1987) addresses the question of how problems, or as described by Hughes (1983), reverse 
salients are parsed into solvable and discrete problems, and who is responsible for determining which 
organisations should solve them. LTS focuses on the roles of individuals and to a lesser extent 
organisations but does not explain in full who assembles the value chains, the socio-technical networks 
or the eco-systems of partners involved in the delivery of an LTS or to what extent they are self 
organising. It would appear that successful value networks require an almost fortuitous alignment of 
the planets, or, in this case, an alignment of all the different actors in a heterogeneous network. But as 
Hughes (1983, 1987) points out, such networks are neither destined to form, "growth is not pre-
ordained", nor are they reliant solely on fortitude. They require an organising principle as well as a 
principal or prime mover - are these the individual Inventor Entrepreneurs in the Hughesian model? 
Secondly, which actors or networks of actors within those systems are resolving the problems or 
reverse salients? 
The research seeks to identify to what extent socio-technical networks arise spontaneously, and which 
actors are involved in their construction and shaping, and how they are motivated. 
My analysis is based on Hughes's model, but rather than a "seamless web", I refer to the heterogeneous 
network model proposed by Law (1987). Instead of the unit of analysis being an LTS set in the context 
of the city, my research focuses on the city or district as the unit of analysis and this is contextualised to 
one specific LTS - digital broadband and municipal wireless networks and related services. Whether 
we refer to a system, web or network the research considers to what extents it is seamless, and what are 
the relationships or transactions between each of the nodes in the network or links in the value chain 
between the technology provider and the realisation of value by a user. The goal of this is to gain a 
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better understanding of the nature of the relationships and animating force behind successful networks. 
For instance, to what extent are the actors involved in the network motivated by commercial ends? By 
examining successful as well as less successful initiatives undertaken by cities in the past was well as 
current deployments, we can identify how such networks and value chains are,configured, who 
configures them and what encourages them to deliver value, and sustainable socio-economic solutions.. 
Earlier in the literature review I examined the LTS model for the deployment and growth of these 
digital technologies; it provides a meaningful framework from which to embark on this exploration, 
and can be extended by incorporating it into a more relevant conceptual framework - the CCS. 
In Networks of Power, Hughes (1983) considers the city as part of the complex systems context. My 
research examines the city or city district as the unit of analysis, in order to better understand how new 
LTS can contribute to a city's transformation. By looking at complex LTS through the lens of the city, 
and focusing in this case on just the digital infrastructure and related services, we can gain new insights 
into the role, contribution and relative importance of governance, social, cultural, economic, political, 
and spatial factors and how these factors influence systems deployment and its likelihood of success. 
Davies (1996) points out that a central problem with the Hughesian model is the issue of action being 
agency based over those structures - operating independent of individual agency and only invokes 
structural factors in relation to system momentum. Are organisational structures, especially those in 
cities, playing a much more central role throughout the evolution of complex systems? What coalitions 
of actors are working together to overcome the problems or reverse salients, and what is the organising 
force in the city, and the external coalitions that shape the technological system and its exploitation in 
the context of other cities? It is this combination of interactions among different groups of actors, the 
socio-economic, spatial and cultural factors at play within the city, and the complex technological 
systems that CCS seeks to address and provides a framework to better understand the nature of the 
interactions between all of these components. 
2.7.2 Socio Economic Impact at the level of the city or district 
As the literature review shows, there is little quantitative analysis of the socio-economic impact of 
public sector led or public/private sector initiatives to deploy ICT at the level of the city or district. I 
include within ICT, digital broadband networks and municipal wireless technologies and related 
61 
services. There is a body of research that addresses the impact at a national level, regional level and 
within firms, however with limited data at post code/zip code level on broadband usage there is very 
little research into the impact of broadband at a city or district level. Meanwhile, the economic 
development agencies, city authorities, telecom operators and developers appear to be taking a 
technological deterministic approach and are making decisions on digital infrastructure and services in 
order to enhance the local innovation systems, stimulate socio-economic transformation and generate 
commercial returns for the city. We know that technology alone without accorhpanying changes in 
socio-institutional structure, as Freeman and Perez (1988) point out, will not achieve the full potential 
of these technologies. This research, therefore, seeks to: 
• explore the role of ICT and broadband services and their socio-economic impact, using data 
on broadband usage, and seeks to fill the gap by taking the analysis from the national or 
regional level to the level of the city, or business/residential district; 
• identify the relationships between cities' plans and deployment of these technologies and their 
initiatives to transform themselves for the knowledge based, services led economy and 
enhance their knowledge intensity and improve their industrial competitiveness through 
innovation. This relationship has not been explored in the established economic, technology or 
social science disciplines and an integrated interdisciplinary approach is required to unpick 
them; 
• demonstrate the role that the new digital technologies and services are playing in supporting 
cities in their quest to become hubs of innovation, as well as the contribution of other city 
initiatives, their relative importance; 
• explain the diversity in the motivations of city authorities and the nature of outcomes, and to 
explain it using the LTS model and the proposed CCS conceptual framework, capabilities and 
resource theory, supported by adoption and diffiision of innovation theory; 
• identify the role of the different actors or networks of actors and their influence or direct 
contribution to the design, development and success of cities digital initiatives and the relative 
role of the individual and the organisation. 
Finally, the literature and the initial interviews with cities and districts deploying digital technologies 
and services, identified the need for a conceptual framework (CCS) and systematic model for their 
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planning, deployment and operations. In my role as a practitioner as well as a researcher, I have been 
deeply engaged in industry and public sector conferences, and meetings with city officials and private 
sector firms. Delegates and speakers consistently highlight the absence of such a framework, and the 
models, tools and analysis to assist in planning and then benchmarking their own deployment and 
providing a consistent set of metrics to determine success. 
2.7.3 Diffusion of Innovation 
The work of Rogers (1962), Moore (1991), and von Hippel (1998) relating to market adoption and the 
diffusion of innovation, led me to examine the extent to which these theories apply not only to 
consumer and business to business markets, but also to large scale public sector led initiatives. I used 
the case study research to explore this as well as the relationship between these theories and Hughes's 
LTS model. If such a relationship exists, this should help to explain how service provider networks 
might configure their solutions, services and capabilities to meet the different maturity levels and 
capabilities of city authorities; the nature of the value propositions they offer; and identify the most 
appropriate sales channels and partnership models to successfully engage with city authorities. 
2.8 CCS Conceptual Framework 
The research used case studies and grounded theory with Hughes complex systems and LTS theory as 
the initial conceptual framework. As the case studies proceeded, using inductive methods I revised and 
developed a conceptual framework I refer to as the CCS and subsequently reframed the case studies to 
reflect it. CCS incorporates LTS as an integrated component. Figure 2.6 is a schematic that illustrates 
the principal components of the CCS. 
63 
CCS Framework and 
Key Actors 
User Experience and Value 
For Business and Consumers 
Applications and 
Service Delivery 
Commun i t y and # 9 0 
the consumers of 
services la 
C 2 
<x> Technological 
Systems 
<%> 
II 0 
1 * 
•S 
Spatial Organisation 
and Urban Planning 
Environment - Physical 
Systems and re la ted 
technical and 
f inancial service 
providers 
l l 
II 
City Author i t ies and 
re la ted commissioners 
of systems and services 
Figure 2.6: CCS Conceptual Framework 
The purpose of the CCS conceptual framework is to better integrate the multiple system components 
involved in the deployment of LTS including social capital, economic development strategy, spatial 
organisation and planning, the technological systems infrastructure and the sei-vices and content it 
delivers, and the principal actors involved in the commissioning, provision, deployment and 
consumption of services. This approach provides a flexible and inclusive framework for the analysis of 
the socio-cultural context for the invention, development and evolution of LTS in a city context and 
provides a conceptual framework to address the gaps in the LTS model identified earlier. 
Relationship between the components of CCS 
The initial round of interviews in the case studies cities, a review of the available literature and 
participation in policy and practitioner conferences showed that the socio-cultural context referred to in 
the LTS model is highly influential in shaping the deployment of technological infrastructure in a city. 
In the proposed CCS framework, the nature of the technological infrastructure is influenced by the 
spatial organisation of the city and the strategic planning for urban development. This, in turn, is 
influenced by the physical environment of the city and its relationship to other regional, national and 
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international conurbations as described by Hughes (1983). The exploitation of the infrastructure in 
terms of the applications available to organisations and institutions and the services provided by the 
public and private sectors to these communities is the point at which value is derived. The governance 
of the city authority, its agencies or private sector partners including the prioritisation, development 
and deployment strategy of these applications and services, as well as the enabling infrastructure, may 
influence the scope and effectiveness of these applications and services. Similarly, the extent of their 
alignment with the economic development strategy for the city is likely to impact on the value that is 
derived from the technological infrastructure and its exploitation. One of the pillars of CCS is social 
capital; human capital, the skills and talents of its citizens and the vitality of their social networks. In 
the case study of Barcelona I demonstrate the propensity to both attract and connect the city's 
international community is a crucial component in enhancing a city's social capital. Social capital and 
its vitality not only impacts on the nature and exploitation of the services provided, but is a crucial 
element in realising the city's goal of transformation for a knowledge intensive economy. Table 2.2 
summarises the key components of CCS and in Chapter 6 I develop the CCS framework further based 
on the findings from the case studies and explain the relationship of each of the factors to the 
components of CCS. 
Component of CCS Factors 
Governance Economic Development Strategy / Programmes 
Competencies and Capabilities 
Accessibility of Programmes / Agencies 
Public / Private Partnership 
Trust and Transparency 
Industry and Social Capital Education and Skills and Competency Building 
Engagement of Universities and Industry 
Social Cohesion and Inclusion 
Vitality of Social Networks 
Sectoral Characteristics 
Entrepreneurship and Innovative Capacity 
Embeddedness of Industry 
Intra-regional and international linkages 
Spatial Organisation Centricity/Polycentricity 
Industry Clustering 
Proximity of Work and Residential 
Accessibility and Transport 
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Formal and Informal Spaces for Innovation 
Environment City and District Amenities 
Relationship to other urban and industrial centre 
International Accessibility 
Applications and Service Delivery Infrastructure Services 
Social and Community Services 
Business Services 
Actors Business and Individual Consumer Networks 
Provider Networks 
Commissioning Networks 
Organising or Meta-Network of Actors 
Table 2.2 Summary of Components and related Factors in CCS Conceptual Framework 
Relationship between the different networks of actor in CCS 
First we examine the relationships between the different networks of actors including the 
commissioners, providers, consumers and the organising or meta- network of actors. The governance 
model is the component that manages the relationships between these networks; for instance ensuring 
the services delivered to consumers are the most appropriate and best value for business and 
households; that the financial model provides returns that motivate all the actors involved in the 
provision of services including the upstream and downstream networks; and that the design of the 
infrastructure and services is aligned with the commissioning city or agency's economic and social 
goals. 
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3. Research Methodology 
In this chapter I review the architecture of the overall research approach and then in the quantitative 
section and case studies, review the detailed methods that I apply to each. The chapter is organised in 
four sections which are followed by a summary. Section 3.1 establishes a series of working definitions. 
The research addresses the way in which cities, in their quest to become hubs of innovation, are 
exploiting digital broadband networks as a means of enhancing their innovation systems. I start with 
definitions of what constitutes a city, an innovation system and the nature of the digital broadband 
networks. Section 3.2 describes the rationale for selecting a particular set of research methods, 
specifically the case study research methodology. Section 3.3 reviews how the research methods are 
applied and section 3.4 addresses the framework used to analyse the data. 
3.1 Working Definitions 
City as a System 
According to Plato "Athens is not a city, it is an idea", a theme that has echoed down the centuries. For 
Castells (1996), the city is a "space of flows" or an "informational city" (Castells, 2000). While for 
Koolhaus (1995), the city should be seen not as a geographic place but instead "centred on process 
rather than form". The city can be considered in terms of the spatial economy (Fujita et al 1999), the 
"Reinvention City" (Glaeser, 2005), or seen from Saskia Sassen's (1998) perspective as a highly 
concentrated command point in the organisation of the world economy. All of these concepts point to 
the city as combining the spatial concentration and interaction of intellectual, informational and 
physical resources and, by implication, a city district is a sub-component of the city that combines these 
same resources, but has a potentially specialised nature. For instance, a manufacturing district or a 
contemporary urban knowledge industry cluster such as might be found in Barcelona, or a wealthy 
suburb of an American city where the spatial separation might be greater, the physical resources may 
be greater and the informational or intellectual interactions perhaps lower. However, in each case the 
district encompasses a similar set of attributes to the city, but with a different balance or at a different 
level of concentration. 
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The definition I have chosen, integrates the different emphases from Plato to Glaeser, and was 
proposed by Miquel Barcelo (2002) in La Ciudad Digital. Barcelo describes the city as an eco-system 
defined by interaction and communication, contact and regulation and relationship between individuals, 
communities and institutions, who are the principle repositories of knowledge and information, and the 
actors that enable, generate and regulate knowledge flows. The structure and form of the city, including 
its physical assets and their mobility are secondary to the interactions between its citizens, 
organisations and institutions. (Barcelo, 2002; p.83)' 
Innovation Systems 
With regard to defining innovation systems I look first to Patel and Pavitt (1994), and to then to 
Metcalfe (1995). Patel and Pavitt (1994) define innovation systems as a combination of national 
institutions, their incentive structures and their competencies, that determine the rate and direction of 
technological learning in a country. Metcalfe (1998) defines them as that set of distinct institutions 
which jointly and individually contribute to the development and diffusion of new technologies and 
which provides the framework within which governments form and implement policies to influence the 
innovation process. In chapter 2 I used Edquist's definition that Systems of Irmovation (SI) occur 
where organisations and institutions, including laws, rules, norms, routines, or for instance specific 
policy actions at national, regional or city level comes combine to "create systems for the creation and 
commercialization of knowledge" Edquist (2005: 182). Freeman refers to National Systems of 
Innovation which combine a network of institutions in both the public and private sectors that initiate, 
import, and support the diffusion of new technologies. Freeman (1987, 2002). 
The relationship between firms, groups of firms and public sector institutions is taken up again by 
Freeman (1991) who describes these relationships as innovation networks, which involve patterns of 
^ "La ciudad es, sobre todo, contacto, regulacion, intercambio y comunicacion. Esta es la base 
epistemologica sobre la que se sostiene, despues, el resto de componentes que acaban por constituirla. 
La estructura, la forma de producir la ciudad, el paisaje urbano, su monumentalidad, la movilidad, 
incluso el mercado, son aspec- tos secundarios y parciales en relacion con lo que es esencial en la 
ciudad, que es la interaccion entre los ciudadanos y sus actividades e instituciones. 
En esencia, el contacto, la regulacion, el intercambio y la comunicacion se encuentran en el marco de la 
relacion entre diferentes personas, colectivos e instituciones (que son los portadores principales de 
informacion de la ciudad) que se alimentan, regulan y controlan por la transmisidn de informacidn 
multiple entre ellos. Es lo que se llama sistema". (Barcelo, 2002 page 83 ) 
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organising, involving multiple connections between firms and public sector agencies. Freeman explains 
that the development of these networks is not driven by solely financial criteria, but is strategic in 
nature involving the appropriation of knowledge, access to skills, technological complementarities, and 
other factors including trust between the public and private sectors, and confidence in the 
cooperativeness of others. The theme of trust is developed further by Lundvall (1988) who comments 
on the importance not only of mutual trust, but also mutually respected codes of behaviour. The 
economic development strategy of a city, the programmes its agencies offer, and the urban planning 
and infrastructures are all relevant to the development of local innovation networks, as well as enabling 
international networks to develop between partner cities. 
In the definitions of cities and innovation systems we see the importance of trust and cormectedness 
and a linkage to Barcelo's observations on the definition of a city, making the city by implication either 
the hub of a regional innovation system, or one of the principle nodes in a national or supranational 
innovation system. We can conjecture, therefore, as to the importance placed upon ICT by city 
authorities and the provision of an advanced digital infrastructure at the level of the city to ensure this 
interconnectedness and enable the systematic creation, storage and secure transfer of trusted knowledge 
within the city and its districts, and between cities. 
Digital ICT Networks and Services 
Within ICT and digital networks I include the provision of fixed and wireless broadband networks 
(WiFi and WiMax) and include digital cellular networks (GPRS, 3G, etc.) for the transmission of data, 
including voice and image. I also include the communications infrastructure and the services offered by 
city authorities as part of their community broadband initiatives and by the private sector and other 
public sector agencies. The private sector including the telecommunications operators, IT vendors and 
the city authorities and the relevant economic development agencies, have aspirations that these 
networks and their related services will become pervasive in terms of usage, and ubiquitous in terms of 
coverage, and refer to them in these terms. For the purposes of this research I include digital broadband 
networks either fixed or wireless, and related applications, and where the ownership is public or private 
sector, or a partnership, where the city authorities are a significant actor in their planning, promotion, 
operation or deployment. 
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3.2 Rationale for Selecting a Research Methodology 
Chapter 2 reviews the literature in four distinct fields with the objective of identifying themes that cut 
across these individual domains and to identify opportunities for further research. I note that while for 
the most part each field was rich in terms of publications directly related to its particular domain, save 
for the direct social and economic impact of broadband at the city or district level, few publications 
integrate these domains. As a result, it was difficult to identify an overarching theoretical foundation 
from which to draw new hypotheses. The closest to a conceptual framework that I was able to identify 
is LTS theory, and the experiences that can be drawn upon of the city authorities and their historical 
endeavours to use these systems and infrastructure to transform the rate and nature of their economic 
development. The paucity of interdisciplinary literature motivated my research as I saw the need to 
develop a better understanding of the relationship between each of these domains in order to answer the 
research questions posed in Chapter 2, Section 2.7. 
It is necessary to consider whether a better understanding is a valid outcome for a research project. In 
fact a better understanding is but a step in the process towards the development of a theoretical 
contribution based on constructing an explanatory system that reaches across the disciplines and allows 
us to develop statements of relationships. Strauss and Corbin (1988, p25) also define theorising as "the 
act of constructing from data an explanatory system that systematically integrates various concepts 
through statements of relationship". 
Developing such concepts, and a framework that allows them to be integrated, thereby constructing an 
explanatory system, demands an inductive process. This differs from a deductive process in which 
propositions or hypotheses are postulated and subjected to rigorous testing akin to scientific research. 
Research based on induction is concerned with the context in which the events take place. It takes a 
small sample of subjects rather than the large numbers common in the deductive approach. Researchers 
using inductive methods more typically exploit qualitative data and use multiple methods to collect 
these data in order to develop distinct views of the phenomena being studied (Easterby-Smith et al., 
2002). 
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In determining the approach to be taken and the appropriateness of inductive versus deductive methods, 
Cresswell (1994) recommends that a topic on which there is a wealth of literature upon which one can 
establish a theoretical framework and a hypothesis, lends itself more readily to deduction. However, 
where a phenomenon is emerging and the relevant literature is scant, an inductive approach is more 
appropriate and involves generating data and analysing and reflecting upon the theoretical themes the 
data suggest. Based on the emergent nature of this research topic, the limited interdisciplinary 
literature, the research methodology I selected is inductive rather than deductive. Nevertheless, I have 
tried to "peel the onion" as proposed by Saunders et al. (2003) to determine the research strategy, the 
time horizon and the data collection methods. 
The onion is a conceptual model in which the outer "skin" reflects the broad philosophical aspects and 
the heart represents the tools and techniques deployed in conducting the research. The upper half of the 
model corresponds to a Positivist position and the lower half to an Interpretivist one. There are four 
major interpretive paradigm structures for qualitative research; positivist and post-positivist; 
constructivist-interpretative; critical; and feminist post-structural. The constructivist paradigm implies a 
subjective epistemology and a naturalistic set of methodological procedures. The findings are usually 
presented in terms of grounded theory criteria (Lincoln and Guba, 1990). 
Law (1987: 111) proposes for a further refinement commenting that the social constructivist position 
argues that artefacts and practices are underdetermined by the natural works and argues they are best 
seen as the construction of individuals or social group, and describes the process as one of closure, 
when debate and controversy about the form of an artefact are effectively terminated. Law argues for a 
systems approach versus the social constructivist model. 
The systems approach is derived from the study of the history of technology and, in particular, the 
work of Hughes (1983). This approach, involves understanding technological innovation and 
stabilisation in terms of a systems metaphor; that those who build artefacts do not concern themselves 
with artefacts alone, but also must consider the way in which the artefacts relate to the social, 
economic, political and scientific factors, and that all of these factors are interrelated and potentially 
malleable. The systems approach highlights how successful entrepreneurs tend to focus on problems 
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that juxtapose social, technical and economic variables in the search for a solution and, crucially, where 
the entrepreneurs or central actors are themselves part of that system and not the deus ex machina. My 
work is situated in this philosophical position - a model that reflects the systemic nature that is the 
focus of this research, the integration of the key actors within that system, and a stance of realism. 
Positivism 
Deductive 
Experiment 
• , 
/ Seconda? Data V Data 
Observation Collection - Grounded Realism 
; / / Ftesearch 
/ / Strategies Research 
EShnogmphy Approach JR?, 
Philosophy 
Inductive 
Interpretivism 
Figure 3.1: The Research Process Onion (Saunders et Al, 2003) 
Having selected the philosophical stance (realism), the research approach (inductive), I move to the 
next layer to reflect on the selected research strategies. 
To summarise, experiments are tests under controlled conditions aimed at validating a specific 
hypothesis or proposition; surveys involve the collection of data from a representative sample such that 
the resulting data can be used to validate the hypothesis or proposition (in management science the 
latter approach is more common). Eisenhardt (1989) points out that the case study is used to focus on 
understanding the dynamics present within single settings. Grounded theory is "the discovery of theory 
from data, systematically obtained and analysed in social research" (Glaser and Strauss, 1967), 
Ethnography is a methodology for interpreting the social world; it is rooted in anthropology and 
involves participant observation of the activities of the subjects of the research. Finally, there is action 
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research, which involves the researcher as a practitioner who participates in deciding on the research 
setting and actively influences the nature of that setting and researches the outcomes. 
Yin (1993) acknowledges that the choice of methodology is dependent on the nature of the research 
questions, adding that case study research focuses on the "how" and "why" questions and on 
contemporary events. 
My strategy involved rejecting an experimental approach for the reasons stated earlier - 1 am not 
applying a deductive methodology. However, the research questions address the impact of the 
technologies and the variance between cities so we might subsequently gain insights into the "how" 
and "why" - how do these infrastructures and services impact on the social and economic vitality of a 
city; and why do cities differ in terms of outcomes? The approach I have taken is to use case studies 
which are complemented in several cases by quantitative techniques so as to provide a set of 
descriptive statistics to help us understand the scale of the impact, and the variables that are being 
impacted on. The case studies help us to understand the dynamics involved and answer the "how" and 
"why" questions. By selecting contrasting target environments for the case studies, I can highlight any 
commonalities and differences emerging from this contrast. The core of the research methodology, 
therefore, is case studies. As Meredith (1988) points out, this enables early and exploratory 
investigations where the variables are still unknown or emerging and provides a natural link to the use 
of a grounded theory approach, where the research becomes more and more grounded in the data. This 
enables the development of increasingly richer concepts and models of how the phenomenon being 
studied really works. 
Based on analysis of the data, a grounded theory approach can be used to further our understanding 
with LTS as a point of embarkation, to develop a potential contribution to the theory. Using LTS as a 
starting point and based on the initial findings from the case studies and practitioner experience will 
allow me to create an initial conceptual framework, in this case the CCS framework discussed in 
Chapter 2. This framework is based on the preliminary case study work and I subsequently reframed 
the case studies to reflect its use as the conceptual framework for this study. 
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For the case studies I use an approach that embeds the researcher within the research subjects, but not 
in the sense of action research. In this case, the goal is to enable extended access to the actors in the 
cities that are the subjects of the case studies, and to use observation and informal meetings to gather 
data. I also used a survey to provide some the descriptive statistics to help shape the exploration and 
triangulated these data with the group and individual interviews, and data from other sources. 
3.3 Designing the Research Method 
After selecting the research approach and strategy, I considered how best to apply it and the associated 
research and data collection methods. It was necessary to decide whether to start with preliminary 
conceptual constructs based on a combination of the literature and experience, or abandon any pre-
conceptions. An a priori specification of constructs can help to shape the initial design of theory 
building research (Eisenhardt, 1989). In this case an iterative approach with a central framework from 
the existing theoiy was considered, in this case LTS, along with observations from preliminary 
interviews, and the researcher's own experience as a practitioner. I then used a process of comparison 
and revision from the expected pattern of findings from the case studies and the actual pattern that 
emerged. 
While there is little interdisciplinary work on the relationship between cities' motivations, plans, 
expectations and achievements in their deployment of ICT in order to become innovation hubs, I 
decided to adopt a purely investigative mode and ignore any a priori concepts. However, the 
similarities discussed in Chapter 2 between the motivations, patterns of deployment, and evolution of 
digital networks and the history and theory of telecommunication and electrical networks, leads to the 
view that a central theoretical framework or conceptual construct does exist, and that this could provide 
an embarkation point for my case studies. 
I begin with some preliminary constructs from the existing theory, combined with practitioner 
knowledge and preliminary interviews. These shape the design of the case study protocols, including 
the use of semi-structured questionnaires and more specific survey tools, which are described in the 
detailed methods sections in each of the case studies. 
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To ensure the most effective data collection and analysis it is crucial to achieve clarity about the 
underlying unit of analysis. As described in Chapter 2, from a theoretical perspective I am seeking to 
identify the nature of the relationships and animating force or forces behind the deployment of 
successful LTS, and do so by taking the city or a specific district within a city as the primary unit of 
analysis. The research examines the processes and actors and the outcomes associated with the 
deployment of digital networks and service, at city or district level depending on the scale of the city 
and the scope of these initiatives. The setting relates to the organisation, agency or community in which 
the case study is conducted. For my purposes, the setting includes the relevant agencies within the city 
or the district authorities, and other stakeholders (wireless network operators, economic development 
agencies, etc.) involved in the deployment of these networks. 
The city authorities and key stakeholders were contacted, preliminary interviews were conducted and 
access to the relevant parties within each city and/or stakeholders was secured. 
At an early stage I also explored the use of quantitative analysis techniques which is included in the 
Appendix. This preliminary analysis addressed US cities and the growth in broadband usage and the 
impact on social and economic variables. The analysis identified 160 MSAs which had consistent data 
points for all the social and economic variables selected. This quantitative analysis provides limited 
evidence on the influences and their extent, but no information on "how" or "why"; hence case studies 
were required to complement this analysis. 
The number of case studies I undertook was based on Eisenhardt's (1989) recommendation that 
between 4 and 10 cases work is appropriate. The selection model was based on identifying cities whose 
plans for and deployment of networks was fairly advanced and on identifying cities that would allow a 
contrast between highly concentrated inner city districts including central business districts, such as 
London or Barcelona, and provincial cities that reached out to larger suburbs such as Norwich and 
Stuttgart. I identified examples in the US and Northern and Southern Europe. To make access easier 
and reduce travelling, the case study analysis was limited to Europe and the US, although the literature 
on cities in South East Asia and China was reviewed. Finally, my experience as a practitioner meant 
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that I was famihar with the different motivations of cities for deploying digital networks - economic 
development, social inclusion, improving effectiveness of public services. From the preliminary 
interviews I was able to ensure that the cities chosen for case studies had sufficiently diverse 
motivations to enable me to identify common factors likely to be relevant to many other cities, and to 
demonstrate more clearly the contextual differences. 
City Geography Motivation 
City Centre Distributed Economic Exclusion Public 
Service 
Barcelona 1 X X X 
Barcelona 2 X X 
Corpus Christi X X X 
Shoreditch X X 
Canary Wharf X X 
City of London X 
Stuttgart X X 
Karlskrona X X X X 
Norfolk X X X 
Table 3.2: Attributes of Case Studies 
Within each of the main actor groups e.g. City Authorities, I adopted a three level approach found in 
organisational studies -individual, sub-unit and organisation. For example, within a city, the district or 
borough would be the organisational unit, the infrastructure services department would be the sub-unit, 
or economic development group, and the individual professional or manager would be the individual. 
The same model was applied to the private sector firms e.g. Board, Chief Technology Officer, 
deployment manager, Interviewees were drawn from across each of these "horizontal layers". Clearly 
the structure of the firms and public sector organisations differ widely, but the selection was made 
based on the equivalent "C" level executives e.g. CEO, COO, CTO, President of Regional 
Development, Managing or Executive Director levels. Functional Managers such as Head of 
Infrastructure, Project Executive, Marketing Executive, and finally specialists working as team 
members within functional departments. Table 3.3 shows the numbers of interviews by role. 
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Role/Position Number 
C Level Executives 26 
Functional Managers 34 
Specialist Professional Staff 37 
Table 3.3 Interviewee Distribution 
Interviews undertaken as part of the case studies 
In total 97 interviews were conducted in the case studies. They included both one to one and group 
interviews and were conducted face to face or by telephone. 
One to One Interviews: Most interviews were with individuals: group interviews are highlighted in 
the case studies. A semi-structured interviewing approach was used involving a common set of open 
ended questions, relevant to the interviewee's function. However, this method has a number of 
potential sources of error. First there is respondent behaviour: interviewees may try the please the 
interviewer or to prevent him/her from learning too much about the respondent, or may try to embellish 
a response, offer a socially desirable response, or omit relevant information due to faulty memory or 
other reasons (Denzin and Lincoln (1994). Second, errors can arise related to the nature of the task: the 
method of questionnaire administration or the sequence or wording of the questions. Third, errors can 
arise due to how the interview is conducted. The first source of errors can be resolved by a process of 
triangulation between interviewees, and between interviewee and other data sources. The second can be 
addressed through validation by an independent researcher(s) in a similar field and reviewing with 
them the proposed structure for the interview. The third issue can be resolved by providing the 
interviewees with transcripts of their interview to confirm the content and ensure their input was 
satisfactorily recorded and transcribed. In every case, the interview transcripts were sent to 
interviewees for validation. 
Group interviews: These rely on the systematic questioning of several individuals simultaneously, in a 
formal or informal setting. Merton, Fiske, and Kendall (1956) coined the term focus group to describe a 
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situation in which the researcher/interviewer asks very specific questions on a topic that he or she has 
well researched. Group interviews can be helpful for the purposes of triangulation and can be used in 
conjunction with other data gathering techniques. Two types of group interviews were conducted. In 
the case of Norfolk County Council and the City of London, brainstorming was used and multiple 
functions were asked collectively about their intent to use digital networks, the nature of such usage 
and anticipated gains from their use. In the case of Karlskrona, multiple agencies were involved in the 
deployment of its networks and especially the healthcare application. In this case group interviews 
were used for triangulation as views were neither complete nor consistent. 
Electronic Survey: For the Norfolk, Barcelona and City of London case studies I also administered an 
electronic survey of end-users. This was a structured questionnaire that allowed respondents to add 
comments. These responses provided a set of descriptive statistics, use of NViyo allowed me to analyse 
the text to identify common areas of concern, usage patterns and attitudes to privacy, and aspects such 
as tariff structure - free versus fee services. 
Integrating interview data with other evidence 
The interview model is a key component in the case study analysis but this needs to be complemented 
by other evidence including documentation, archival records, direct observation, participant 
observation and physical artefacts (Yin, 1994). Each of the case studies involved the provision of hard 
copy and electronic documentation, user guides, organisational and process flow charts, and three of 
the case studies involved direct observation through personal participation in the city agencies' 
operations with photographic and other evidence and the collection of related artefacts. Preliminary 
interviews were used to shape the format and content of the semi-structured questionnaires and online 
survey tools that were used in Norfolk, City of London, and Barcelona. 
Case Study Protocol 
Having defined the research approach, strategies, and data collection methods I needed to implement a 
set of instruments to undertake the data gathering. Yin (1994) recommends the application of a case 
study protocol (CSP) as an instrument which contains the procedures and general rules that should be 
followed in using this particular instrument. The emerging nature of these technologies, and the 
78 
evolving nature of innovation systems of which these are considered as a form of enabler, required an 
iterative approach. Thus, the instrument, while not generic, needs to be sufficiently flexible to enable 
revision of content and not to require prescriptive application. The instrument outlines the fieldwork 
plan, the sources of the documentation described earlier, access permission, the series of semi-
structured interviews (interview setting and position of interviewee), online questionnaires and the 
likely outline of the subsequent analysis. The key component within the CSP is the questionnaire. 
3.4 Specific Methods Used in Individual Case Studies 
In this section I describe the specific methods used for each of the case studies 
Barcelona - Case Study 1 
Over a period of one year I was embedded as a member of the 22@ team. During this time I had 
complete access to project documentation including planning documents. Requests for Information 
(RFIs) and Requests for Proposals (RFFs) and used a semi-structured interview technique to formally 
gather content from the leaders of 22@ and associated organisations within the Ajuntament, local 
industry and academic institutions and public service agencies. The findings were validated with the 
executives of the 22@ District, Miquel Barcelo, CEO; Ramon Sagarra, Director of Infrastructure; Jordi 
Sacristan, Director of Marketing; Sergi Guillot, Director of Business Development. I conducted 12 
interviews in this period. 
Barcelona - Case Study 2 
This case study included use of existing data on international comparisons of entrepreneurship, urban 
clusters, transformation to the knowledge economy, and local demographic and economic indicators. I 
included data from studies of other cities in Europe and North America, including Geneva, 
Otaniemi/Espoo, Austin and Montreal. Thirty two individual interviews were carried out between 
February and April 2007 with leading members of the international community, local institutions and 
local firms in Barcelona that had a high level of international engagement. Interviewees covered nine 
different nationalities, self-employed and freelance professionals, local and international entrepreneurs, 
TV and press journalists, middle and executive management in international companies, local 
Barcelona and international business and academic institutions, human resource (HR) directors from 
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international firms, relocation companies and members of the 22@ District Executive team in 
Barcelona.The interviews covered a number of areas critical to an understanding of the extent to which 
the international community was already engaged with local firms, institutions and the community, and 
the inhibitors to heavier engagement. 
An on-line survey was conducted in March and April 2007, targeting 287 influential members of the 
international community including senior management and executives of international companies, 
international entrepreneurs, senior academics and heads of various social and business networks. The 
response rate was over 40 % (124 respondents). The names of people to be surveyed were proposed by 
international firms, relocation agencies, entrepreneurial organisations, local economic development 
groups, the 22@ District, and personal contacts. Although not a scientifically selected group, the 
survey respondents seem to represent a valid cross section of the communities that Barcelona is trying 
to target and engage with, confirmed by discussions with the 22@District Marketing and Business 
Development Group. I used cognitive cluster analysis for the interview responses and survey comments 
to determine key themes and problems. The key themes were validated in a workshop involving 12 
members of the international community and members of the Ajuntament. A focus group verified the 
findings and brainstormed ideas for increasing engagement between local and international newcomers. 
Finally, the findings were subjected to a review with the Ajuntament, and a prioritisation workshop 
with members of the Executive team of the 22@ Barcelona District. 
Corpus Christi 
The Corpus Christi case study involved interviews with the then CIO Leonard Scott, politicians and 
administrators from the mayor's office and the City Authority and extensive documentation provided 
by the City Authority. It also involved a review of some online forums and the local press in order to 
gauge reaction to the services and the changes associated with the ownership and management of the 
network 
Shoreditch 
The research approach involved me being embedded in the Digital Bridge organisation, working on a 
series of projects that gave access to all levels of its management including the CEO, Business 
Development, ICT Management and User Support. In addition to observations made over a 15 month 
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period, involving formal management meetings and informal meetings, I undertook a series of regular 
interviews with the CEO and his immediate team. As part of the assessment of the pilot I jointly 
worked with Digital Bridge on the development of a survey of 184 users of the service and supervised 
its administration and managed the focus groups that were part of the assessment. I helped to assess the 
bids for the Digital Bridge organisation, and the business plans proposed by each of the bidders and 
made recommendations about the parties best placed to acquire the Digital Bridge and help it to 
prosper. This financial assessment is confidential and cannot be discussed in this case study. 
City of London 
The research approach comprised of a series of interviews with the project leader implementing the network, 
the CIO for the Corporation of London, the project manager and the firm selected by the City of London as 
its partner - Cloud Networks Limited. The interviews took place before deployment of the network was 
complete, when the service was launched and shortly after it was launched. A workshop was organised, 
sponsored by the CIO for the Corporation of London, which was attended by traffic management and 
parking enforcement, housing, social services, etc.. The workshop participants discussed potential 
applications of the WiFi network for the services they needed to deliver. Once the service was launched, as 
part of the research an online survey was administered in conjunction with Cloud Networks Ltd and Nokia, 
who are one of the key partners involved in the launch of the service. The survey was sent to the 1,485 
people who had registered for the free trial service during the first three weeks of operation: 393 responded. 
The survey findings are included in Appendix B. 
Stuttgart 
Members of the Regional Economic Development Corporation were interviewed individually between 
November 2006 and April 2007 with a combination of face to face and telephone interviews. In April 2007 I 
visited Stuttgart to make a tour of the city and visit the WiFi hot spots. At that time I conducted additional 
face to face interviews with key stakeholders including Stuttgart University's Urban Planning Department 
and the service provider. Cloud Networks Ltd. The findings from the interviews were subsequently reviewed 
by the Regional Economic Development Corporation for validation and accuracy of input and to discuss 
potential solutions to problems that emerged. 
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Norfolk 
Norfolk County Council had established aims and targets for its service. The research programme 
reviewed these in terms of their appropriateness in so far as whether they addressed the areas of 
potential benefits and their completeness in terms of success criteria, and provided an assessment of the 
outcomes using a combined quantitative and qualitative research methodology. This included the 
setting up of a workshop with public sector organisations, eight telephone interviews with 
representatives of organisations in Norfolk, and two online surveys - addressed to users and non-users. 
The workshop included 12 representatives from relevant public sector departments that had been or 
could exploit the service and the 8 telephone interviews were with key stakeholders in the public and 
private sectors and were based on a semi-structured interview questionnaire (an example is included in 
Appendix C). Selected documentation was reviewed to triangulate the findings comparing the input 
from the surveys, the interviews and actual usage and deployment data. Further validation took place 
through feedback meetings with selected stakeholders. Two online surveys were undertaken. The 
online surveys of users of the Open Link network and non-users ran for three weeks - from 20th 
November to 11th December 2007. Existing users were invited to participate in the survey when they 
went to sign in to Norfolk Open Link. For non-users, the survey was made available through the 
Norfolk County Council portal and other websites and promoted in the local press and via a PR 
campaign. They surveys produced 218 responses - 151 from users and 67 from non-users. The survey 
included profiling data to ensure the validity of the sample and to identify important groups for future 
development and communities that were disengaged and need to be encouraged to use the network. A 
series of correlations was developed to understand the relationship between the profiling factors, usage 
patterns and attitudes to paying for the service. The Norfolk County Council project leader for Open 
Link organised a workshop for the departments most likely to exploit the service, as well as those 
currently using Norfolk Open Link. This included the police, the fire service, the Planning Department, 
Customer Service, Traffic Management, further education institutes, amongst others. In addition, senior 
executives from large local firms and organisations including the BBC, law firms, and the media and 
politicians were invited to be interviewed as part of the research programme. A semi structured 
interview questionnaire was developed for this purpose. 
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Karlskrona 
Over a period of six months, starting in early 2007,1 was provided with extensive documentation on 
the development of Karlskrona's network, the stakeholders involved, the motivation for its 
development and details of applications that had been deployed. I was also given additional insights 
into the options for its future development by Peter Larson who ran the Wireless Cities Group, an EU 
supported organisation. Larson was Strategic Development Director for the primary network provider 
and utility company Affarsverken. He organised a series of meetings that took place over two days in 
September 2007 which provided the opportunity to interview Jan Svensson, the CEO of Affarsverken 
and some of its board members including the head of ICT, the Marketing Director and Sales Director, 
Head of the Telecom City Initiative; the Head of Strategic Development for Healthcare; a senior 
representative from Belkinge Institute of Technology (BTH); the Chairman of the Tenants association 
of the future living initiative; and the former Director General of the National Board of Swedish 
Housing and Planning. The interviews took place during a series of workshops in which each group 
gave its perspectives of the history, deployment and application of the network. The notes taken were 
sent to participants for validation as was the final report that forms this case study. 
3.5 Framework for Analysis 
Two main difficulties typically are encountered in case study research. The first is the volume of the 
data gathered and the danger of being overwhelmed by field notes, company documentation, interview 
transcriptions and online survey data. Interview transcriptions were sent to interviewees for comment. 
Selected extracts were revalidated with interviewees. Electronic copies were retained, and hard copy 
filed alongside other evidence. Information provided in the form of PowerPoint presentations and pdf 
documents have been archived. The second is in demonstrating that the empirical data collected during 
the case studies are the source of and support the propositions made in the thesis. 
Both problems can be addressed through the application of grounded theory (GT) and qualitative 
research (QR). As already described earlier, grounded theory derives from data as opposed to theory 
that is tested with data in a deductive model. Glaeser and Strauss (1967) define GT as the discovery of 
theory from data and an iterative process "by which the analyst becomes more and more grounded in 
data and develops increasingly richer concepts and models of how the phenomenon being studied really 
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works....and as coding emerges the investigator Imks them together in theoretical models" (Denzin and 
Lincoln, 1994). 
I started with a core theoretical framework and a set of preliminary conceptual constructs derived from 
Hughes (1983), the literature and the preliminary interviews. This was augmented with output from the 
quantitative analysis. I thus had a rudimentary map, a compass and some knowledge perhaps not of the 
final destination, but at least in terms of the coordinates of the embarkation point and initial course. It is 
this course that can be iterated during the exploration of case studies, through constant comparison with 
the course initially set; refinement, and the subsequent setting of a new direction. The method involves 
five major steps. 
1. Building conceptual categories from the evidence: the data collected may be temporal but 
the categories must remain consistent. 
2. Comparison of similar and different data to generate the properties of the categories and 
their associated dimensions to refine each category and its explanatory power. 
3. Specification of concepts from the interviewees' words, sentences or paragraphs 
Generating theory by formulating the conceptual categories and their properties and 
assembling this into a theoretical framework. 
4. Validating and rechecking the theory derived based on the additional data generated. 
Although I adopted an iterative process, this did not include rigorous theoretical sampling. For 
example, the first case study was not planned, executed and data gathered and then formed into a rigid 
blueprint for each of the subsequent case studies. Instead, after each interview, the questionnaires were 
refined, questions added and questions omitted based on learning from each interview, and this was 
done for each case. Some interviewees were contacted again to reconfirm findings or to address gaps in 
the data originally collected. 
I used qualitative research methods to analyse the qualitative data generated by the case studies in the 
following way. 
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Data Codification and Concept Creation: Interview transcripts were analysed, and each paragraph was 
coded. For many of my interviewees English was not their first language, which made word or sentence 
coding inappropriate. Paragraphs were coded according to a concept that reflected the idea it contained. 
Some of these concepts were derived from the initial conceptual model, which also influenced the 
semi-structured questionnaire; others were new, generated as a result of the interviews and the open 
ended interview approach. Denzin and Lincoln (1994) point out that the coding schemes used in both 
interviews and text based analysis can provide powerful conceptual grid from which it can be difficult 
to escape. Hence, the need for fluidity in the initial stages of coding and avoidance of an overly 
prescriptive approach should the number of open and non-clustered codes proliferate. 
Data Clustering: During and after coding similar conceptual codes were clustered. This produced a tree 
like structure of codes describing ideas. Not all codes could be clustered under concepts; for these I 
devised a catch-all category. 
Memorandi (Memos): Strauss and Corbin (1990) describe memos as researcher's record of their 
analysis, thoughts, interpretations, questions, and directions for further data collection. All notes, 
including emails, notes on additional questions and personal reflections developed during the course of 
the field research were reviewed during each case study and at the conclusion and overall analysis 
stage. Comments from memos, including notes on meetings with cities not part of the case study 
research, were considered in the overall findings and used for comparison. This includes notes on 
individual interviews with amongst other, members of Westminster City Council, and agencies such as 
the Wireless Internet Institute, which are not among the case studies for this thesis research. 
Case Study Descriptions: Yin (1994) recommends this practice, and especially when the descriptions 
are completed early in the analysis, they enabled me to make order and sense out of the copious 
amounts of data collected. This early writing up was subsequently developed and refined as new data 
are collected and gaps were identified. 
Development and Emergence of Cross Patterns: Nine case studies, and many contextual differences 
between them - including motivation, space, demographics, etc. - make it crucial to develop cross 
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patterns that identify commonalities as well as highlighting differences that cannot be explained by the 
contextual differences alone. 
Concept Analysis: This is the final step in an inductive process and enables the evolution of the 
conceptual framework into a new or at least extended, theoretical model. My contribution lies in 
analysing the relationship between concepts and. from observations of the empirical world, 
constructing a set of explanations and theories about what I have observed. This iterative process which 
occurs as the model starts to take shape, enables the research to look for negative cases - ones that do 
not fit the model - and then undertake further conceptual development (Denzin and Lincoln, 1994) until 
concepts and properties become saturated, and additional data is no longer being found that develops 
the properties of the categories. (Glaser and Strauss, 1967) 
This saturation point was reached after more than ninety interviews and in the course of nine detailed 
case studies. 
3.6 Extension of LTS Framework and Development of CCS 
Consistent with a GT approach which involves the discovery of theory from data, systematically 
obtained and analysed in social research (Glaser and Strauss, 1967), I began with using a conceptual 
framework based on LTS as a result of the analysis of the literature. This framework enabled the early 
and exploratory investigations and identified the initial approach and likely variables that I would 
address in the case studies. It also helped me formulate the initial semi-structured questionnaires and as 
my research became more and more grounded in the data I was able to develop an increasingly richer 
set of concepts. These obliged me to return both the literature and to reread Hughes et al and consider, 
for instance, the role of specific actor communities rather than the Hughesian emphasis on the role of 
the individual, and the interplay of different variables that were exogenous to the technical system, but 
are very evident in an analysis of cities. The initial interviewees stressed the importance of a number of 
other factors including spatial planning, economic development strategy, social capital, and governance 
and as a result of these finding I reshaped the interview questions, revisited my earlier findings and 
case descriptions, and reframed the case studies accordingly. The case studies were revisited and 
reframed several times as I extended the LTS framework into the CCS framework and refined the 
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components of CCS during the research programme. It also required me to revisit the initial literature 
and extend the literature review to incorporate additional strands from urbanism and the adoption and 
diffusion of innovation. 
3.7 Summary 
The approach begins with a multidisciplinary review of the literature (Chapter 2) from different but 
related domains, in the search for an inter-disciplinary explanation to the research questions posed. 
Such an overarching explanation was not found, but historical comparison identified LTS as an 
appropriate central pillar for the preliminary conceptual framework which subsequently developed into 
CCS and guided what would be essentially an inductive research approach. My initial research 
exploited a preliminary quantitative component (see Appendix D), so as to answer one of the research 
questions relating to broadband usage and its impact on social and economic indicators at the level of 
the city or district. The analysis highlights the need to better understand the factors that cause the 
significant variance in outcomes and to understand the "how, what and why" that lies behind these 
results, hence the subsequent qualitative research using case studies which form the central pillar of the 
research effort. My choice of an inductive research approach was based on the case study methodology 
and the initial interviews and gave rise to the conceptual framework I developed, CCS. The case study 
interviews are supplemented with evidence derived from other sources including online and hard copy 
documentation, online surveys and analysis of end-users blogs. Data analysis and theory development 
uses a grounded theory approach and qualitative research tools. While electronic tools, including 
Nvivo, were used, pattern recognition relied for the most part on manual techniques; as Mintzberg 
(1979) points out "human, not electronic brains are most capable of achieving those goals". 
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4. Case Studies 
The chapter summarises the case studies undertaken in European and US cities. Further information on 
the case studies including details of surveys is included in Appendix B. The case studies involved 
interviews with senior executives and managers in the private and public sector, including city 
authorities and related development and planning agencies, I also undertook interviews and visits to 
other in cities in Europe, Asia and the Middle East, These other cities are not included in the case 
studies but they provide complementary information to support the research and its findings. 
As described in chapter 3, Research Methods, the cities were selected on the basis of initial evidence of 
their different motivations and the deployment environments for their digital broadband and or 
municipal wireless initiatives. Some of the cities were starting with extensive legacy infrastructure; 
others were and still are almost green field deployments. The deployment models are also different in 
that some are highly directive and top down such as Barcelona, while others such as Shoreditch are 
very much the outcome of grass-roots initiatives. By identifying those issues which are common to all, 
as well as those that can be clearly explained by these differences, I am able to draw conclusions that 
can be more generally applied. The case studies enabled further examination of each of the components 
of the CCS conceptual framework and enabled me to gain insights into how each of these components 
within the CCS framework can build toward a more integrated model, 
I review of each of the cities in turn, addressing the context, their objectives, the key actors involved in 
the planning, deployment and exploitation, the technology and systems strategy and style, and finally 
the challenges and achievements and the learning they contribute, I begin with an overview of each city 
and a little of the context for each which is framed by CCS 
Barcelona Case Study 1: In the first of these two studies I analyse Barcelona's quest to create a new 
form of city for the knowledge economy, and a city that is highly inclusive socially and culturally. 
There is a comprehensive renewal of infrastructure currently underway, begirming in the late 90's, This 
is redeveloping almost 200 hectares of the older industrial sector of the city. The city authorities pride 
themselves on taking enormous care to preserve the districts cultural heritage, bridge the digital divide 
88 
especially with the older inhabitants of the district, as well as create new opportunities and skills 
amongst the young. This redevelopment known as 22@ District of Innovation, will be the hub of the 
cities transformation to the knowledge economy. It incorporates 4 industry clusters which combine 
universities, technology transfer offices, incubators for new ventures, solution laboratories, residential 
housing and offices with spatial planning and a technological systems infrastructure appropriate to the 
industry sector it is supporting. 
Barcelona Case Study 2: This is a complementary case study undertaken in Barcelona, This second 
study focused on the local innovation system and specifically the role of talent, and the development of 
social capital. It focuses on the international community that lives and works in the city and the degree 
of integration with local institutions and firms and the potential to impact the overall economic and 
cultural development of the city. The analysis investigates the ways in which this community, which 
finds Barcelona highly attractive as a place to live and work, remains relatively disengaged with the 
firms and institutions of the city. Without this engagement, the intellectual, cultural and commercially 
valuable assets of this community are not being fully exploited as the city seeks to transform itself for 
the knowledge based economy. The study shows that it is not sufficient to attract the so called "creative 
classes" (Florida, 2002) to the city, but it is also necessary to connect them. It shows how ICT is seen 
as playing an important role as an enabling component within the integrated CCS framework. 
The City of London and Canary Wharf: London is a global hub for the financial services industry. 
To attract and retain international firms it's imperative that they offer the finest amenities; amenities 
that help improve the operational effectiveness of the business community. So deploying an umbrella 
of wireless internet access is seen by the City Authorities as enabling a highly mobile business 
community to have the latest information at its fingertips anywhere, in a sector where every second 
counts. The case study focuses particularly on the governance aspects, including the relationship 
between the actors, the issues associated with spatial integration, the nature of the applications and 
services exploited by users and the role of this technology in attracting new firms and retaining the 
competitiveness of the City of London and Canary Wharf as global hubs for financial services firms. 
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Corpus Christi, Texas: The city's economy had been based on the presence of the navy, the port and 
the naval shipyard. But the city's economic development strategy was based on attracting as well as 
developing new business, especially dynamic small and medium size enterprises (SMEs) - the 
approach was proving successful as the city was rated 4* in the US in terms of new investment despite 
being the 63"^ largest city in the 2003 census. The geographic challenges are the very reverse of the 
City of London as Corpus Christi covers over 100 sq. Km. The city was intent on transforming the 
quality, efficiency and effectiveness of its public services which include the utilities. Exploiting one 
particular application, automated meter reading (AMR), which had a rapid payback in terms of network 
deployment, the city set out to then exploit the wireless broadband network for the provision of other 
applications and services to support its citizens including pervasive broadband network and then extend 
this capability to create a rich suite of services for SMEs. 
Karkskrona: Rather like Corpus Christi, but at a very different scale and density we find the town of 
Karlskrona in Sweden using ICT as an enabler of policies that link economic development, enhancing 
social capital, transforming public services, even making the city a living lab for new technologies and 
involving an actor network that brings together public and private sector, industry and academia, and 
the community made up of young and old alike. One of the key actors we will see in this case study is 
Affarsverken, the utility company for the city of Karlskrona. Working closely with the city authorities, 
the university and representatives of the community and local industry it created a strategy to turn 
Karlskrona into Telecom City. This is perhaps one of the best examples, as we will see, of an industry 
and economic development strategy being integrated with an infrastructure strategy. New industries 
have been created in a city that was previously heavy industry and a strategic naval base for Sweden. 
Norfolk County Council: Norfolk County Council launched its Open Link (NOL) project in 2006 to 
pilot wireless broadband for the city of Norwich, and for the surrounding rural areas and villages of 
South Norfolk. In terms of the UK it was one of the largest deployments both in geographic area as 
well as the number of hot spots. The motivation was primarily economic development, making 
Norwich particularly a more attractive place to live and work, and to ultimately learn more about how 
these technologies could support the transformation of public services. By the end of 2007 a decision 
needed to be reached as to the future of the network and this case study was developed to help ascertain 
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the value the network was providing to its citizens, the perceptions of local business and recommend in 
what form it might be developed further. This case study addresses the issues of governance including 
the business model, the challenges of spatial integration with a highly nuclear city but a sparsely 
populated immediate city-region, and the value that business and citizens derive from the services 
offered. 
Shoreditch: The central London district is part of the borough of Hackney and faced issues of social 
exclusion exacerbated by the digital divide and determined that a community broadband solution, 
targeted at its most socially and economically challenged citizens could transform the prospects and 
quality of life of its citizens. It also sought to transform the not only the quality of its public service 
delivery, but also the nature of those services, and the sense of ownership and participation of its 
residents. Funded by the EU it embarked on one of the most ambitious and initially successful 
community broadband programme in the UK. As we will see later, the initial success and very positive 
feedback from the community was not translated into a sustainable programme. The case study focuses 
on the impact on social capital, the technological system and choices that were made in order to ensure 
ease of access, governance in terms of the relationship between the different actors and the business 
model as well as the role of the community in prioritising the services they found most valuable. 
Stuttgart: The Stuttgart Regional Economic Development Corporation saw how important mobility 
was for local firms, both in terms of physical transportation as well as information access for the 
community. They extended the use of a network deployed initially as part of an intelligent 
transportation system, and created a free wireless internet service with a rich information portal for the 
community across the region. Its goal was to help the Stuttgart city region differentiate itself from other 
regions in Germany as a place to live and work, enhance the economic development of the city, provide 
a rich suite of services to both visitors to the city as well its residents. Stuttgart was also chosen as it 
one of the first cities in Europe to deploy a wireless network across such an extensive area, starting in 
2004, and is one of the EUs Living Lab cities. The case study also illustrates to challenge of building 
user momentum and delivering compelling content to provide value to the users and sustained usage of 
the network. 
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4.1 Barcelona Case Studies 
I undertook two studies of Barcelona. In the first I analyse Barcelona's quest to create a new form of 
city for the knowledge economy - one that is highly inclusive socially and culturally, as well as 
supportive of high growth industry sectors such as life sciences, energy and the environment, ICT and 
media. It examines how the city authorities approached this challenge with an integrated planning 
model that combined the economic and social development strategy, urban planning, and the 
transformation of major technical infrastructure and deployment of new and transformed public 
services. It examines the cities capabilities to execute this plan and the results to date. The second case 
study reviews the local innovation system and specifically the role of talent, and the development of 
social capital. It focuses on the city's strategy to engage the international commimity that lives and 
works in the city and examines the degree of integration with local institutions and firms and the 
potential to impact the overall economic and cultural development of the city 
Case Study 1: Integrated Strategic and Urban Planning 
Context 
This case study addresses the transformations made to the old industrial district of Barcelona, to make 
it a hub of international, knowledge intensive industries. It focuses on the integration of the city's 
economic development strategy, the provision of improved public services and the design and 
deployment of advanced ICT and physical infrastructure, as well as the deployment of a range of 
social, cultural and economic development programmes. I examine one digitally enabled service -
Virtual Memoria - in detail as it is an example that provides insights into the opportunities for 
developing social capital and leveraging ICT, and highlights the challenges involved in creating a 
sustainable model for this type of public sector led initiative. I focus particularly on system integration 
capabilities, which the Ajuntament de Barcelona (City Authority) is well endowed, and the importance 
of an integrated approach to Complex City Systems (CCS). 
Barcelona has many projects, and Case Study 1 focuses on the city's quest to become a hub of 
innovation and a knowledge intensive city, spear headed by a project in the industrial district now 
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known as 22@, and reviews the role of ICT based projects and how they are enabling this goal. A 
second Barcelona case study - Case Study 2 - addresses the CCS domain with regard to social capital 
and its implications for economic development, and the role of ICT in enabling integration. 
The Barcelona Case Study 1 was undertaken in partnership with the Ajuntament de Barcelona and the 
22@ District. The Ajuntament set up a special purpose company that is wholly owned by the public 
authorities, and charged it with the planning, infrastructure deployment, and economic promotion of the 
district. It is called 22@ District of Innovation which reflects the original industrial planning ordinance 
22A. Under the new ordinance, the old industrial base was moved from this district to the periphery of 
the city, and the district was re-zoned exclusively for the new knowledge based industries and services 
sector with the sign denoting this new zoning. The motivation was to create a new typology of city 
as Miquel Barcelo, CEO of 22@ District of Innovation stated in 2000: "Our goal is to create a new 
form of city for the knowledge economy, a compact city where the knowledge intensive industries are 
clustered with educational and research institutions, established and growing firms, incubators for new 
firms, the public agencies that can assist them, and homes and leisure amenities for all our citizens". It 
is this spirit of inclusiveness which has been the driving force of the 22@ initiative since it began in 
2000. (Barcelo, 2006) 
In planning and deploying the ICT and related services and new utilities infrastructures, the motivation 
of the 22@ team is twofold. Firstly, to offer advanced amenities to firms and institutions to attract them 
to the city and to attract their employees to both work and live in the district; secondly, to transform the 
social capital and the environment to ensure sustainability and growth of local employment. This 
includes the creation of over 100,000 jobs in target sectors, and to have a large proportion of the 
population living and working in the district. 
Objectives 
Barcelona is undertaking a major renewal of one of its core industrial and residential zones. The project 
is known as 22@. The district undergoing this renewal was one of the most industrious in Spain in the 
19"" and early 20"^ century. It was known as the Manchester of Catalonia due to the scale and 
importance of its cotton industry. As the cotton industry declined, it was replaced by printing, and 
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engineering, and more recently light industry and distribution services. However, as the old industries 
struggled to remain competitive in a global economy, employment declined. 
The 22@ project is currently transforming this district of the city to spearhead the knowledge based 
industries, and bring greater employment, renewal and creation of public spaces, new housing 
including social housing, and massive deployment of new infrastructure. The 22@ initiative covers 
almost 200 hectares of downtown Barcelona. The target is the creation of 100,000-130,000 new jobs in 
the knowledge industries. The plan involves building over 4 million square metres m^ of floor space for 
the new industries, and almost 9,000 new or renewed housing units. The scale of the project is 
substantial with over €180 million for new infrastructure and €12 billion for property investment. 
Almost all of the development is on private land; the €12 billion for developing the 4 million m^of 
building in 22@ will come almost exclusively from private investors. The City is reclaiming 30% of 
the land back from the developers for a combination of green space, for infrastructure and shared 
community services, plus social housing. This requires some re-zoning in terms of land usage, and 
changes to building height regulation, to ensure the financial attractiveness of the redevelopment. 
The project started in 2000, with the overall urban plan completed by 2001. Infrastructure renewal and 
building construction began in 2004, and the target for completion is 2010. By 2007, around 30% of the 
re-urbanisation had been completed. It is one of the most ambitious urban renewal projects in Europe. 
Capabilities: Barcelona has undertaken a number of major infrastructure projects since the mid 1980s, 
and has substantial experience in City led initiatives; this can be seen in the transformation for the 1992 
Olympics and the development of the seafront, the rerouting of the main railway links and construction 
of a ring road and urban network of motorways. The main artery of Diagonal was extended to the 
seaboard to create Diagonal Mar and initiate the transformation of Besos, referred to locally as the 
"Bronx of Barcelona". At the beginning of 2005, a new exhibition and convention centre, and a leisure 
and entertainment complex called the Forum began construction and was completed in 2007. These 
developments, as Louis Lemkow of Universidad Autonom de Barcelona explained in an interview in 
2006, has made Barcelona not only more polycentric but also has created much greater mobility in the 
city, with people from the Zona Alta now frequenting the seaboard and the Vila Olimpica, and people 
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from Eixample sfrolling on Monjuic or visiting tiie district of Poble Nou and the seaside restaurants on 
Sundays. Large scale, centrally planned infrastructure projects that combine social, cultural and 
economic objectives, have been the hallmark of the Ajuntament de Barcelona, and significant 
capabilities that can be exploited in the development of the 22@ District, have been built in both the 
public and private sectors through this experience. 
Technological Systems Strategy 
The technical systems infrasfructure renewal within 22@ is extensive and includes power with a strong 
focus on renewables, communal heating and cooling, water and vacuum waste management, and a rich 
telecommunications and data infrastructure. The 22@ Disfrict chose to deploy its own dark fibre as the 
plans of Telefonica, the incumbent operator were considered too limited, and not sufficiently timely or 
integrated with the development and the proposed plan to connect this disfrict of the city to the main 
national and international backbone. The deployment of both wireless and fixed internet was made 
easier by the grid structure of Barcelona's urban plan. This spatial layout, conceived and executed in 
the 1870s, was part of a major expansion of the city during the indusfrial and colonial period by 
Antonio Cerda. The city is planned in a pattern of regular blocks each 113 mefres square, and with the 
comers cut at 45 degrees to allow for the parking of coach and horses, and to provide clear views of 
approaching traffic. These eight sided blocks are cut by a major thoroughfare know as Diagonal. The 
22@ Disfrict is to the North of the city cenfre, and is comprised of 165 of these blocks bisected by 
Diagonal. This regular and orthogonal layout makes deployment of the main utility services and access 
to them from adjacent blocks, sfraightforward. It allows good lines of sight from wireless antennae, 
which reduces the potential number of nodes 
ICT deployment: The 22@ Disfrict has already installed most of the required fibre, which it rents to 
service providers, including Telefonica, and offers on a private basis to individual firms. The fibre 
enters each block and terminates in a communications room owned by the city authorities. Between 
each block are 2 mefre high galleries which can provide exfra dedicated connectivity between 
buildings. These galleries allow additional fibre to be deployed to link adjacent businesses. For 
example, a media production company might require a very high speed link to another of its offices or 
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a business partner witli an editing suite. It is possible for a private or shared link to be installed within 
days, without any disruption, excavation or additional conduits. 
As services providers have multiplied, the 22@ District is intending to offer a digital network 
management portal and automated provisioning system, similar to the one in Karlskrona (see Case 
study 5.7). This will enable individuals as well as businesses to select their service provider, level of 
service and bandwidth, the time period, and have the service automatically provisioned. 
Technical Systems Style/Business Model. The 22@ District and the Ajuntament do not intend to 
become a telecommunications or network service provider: the intention is to operate as a neutral 
intermediary whose enabling infrastructure allows competing service providers to offer services and to 
provide basic communications infrastructure to firms that want to operate their own private networks. 
The objective is to ensure flexibility and fast response for firms locating in the 22@ District in terms of 
their communications needs, and to enable competition to make these essential services affordable for 
all sizes of organisations. This last is very important, since Spain has one the most expensive and 
lowest penetration broadband usage among the EU 15. 
Network provision has been extended to the roofs of buildings. Around the tops of each block rings 
have been implemented that carry power and data networks. This enables an approved set of antennae 
and radio nodes to be added without ruining the district's historic skyline. 
Spatial and Industry Integration: An important aspect of the ICT infrastructure design is the way in 
which it has been tailored to reflect the different needs of the industry clusters. The 22@ District is in 
the process of implementing a series of industry clusters that incorporate both large and small firms, 
research centres, universities, incubators and offices designed for start ups, showcases and 
demonstration facilities, and residential space. Industry zones include Biotech, ICT, Media and Hi-tech. 
The design of the fixed and mobile networks is customised to reflect the different needs of each 
industry grouping, also reflected by the spatial organisation of each cluster. It is unusual to see this 
degree of integration backed by regulatory actions and business incentives to accelerate interaction 
among academia, research and business, aid innovation and encourage new business start ups 
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Applications and Services for Wireless Network: A pilot network of wireless "hot spots" was deployed 
in the 22@ District in spring 2007 with a much larger pilot covering both 22@ and 1.5 square 
kilometres of the city planned for end 2007 using a "mesh" WiFi network. A mesh network is a 
network where each of the nodes can connect to any adjacent node, allowing a signal to be passed node 
to node, until it reaches a hub attached to the backhaul which links the hub to a centrally provisioned 
service, such as the world wide web, or a private connection to a city data centre. This provides a very 
resilient network that can be extended, node by node, and for a wireless network the relative costs are 
low compared to other forms of networks. Such networks can be relatively autonomous and use 
lampposts as a power source. The Ajuntament and the 22@ District will own the physical assets that 
constitute the network, and will work with an integrator who will be responsible for its detailed design 
and deployment. 
The city's infrastructure department, and the 22@ group reporting to Ramon Sagarra, head of 
infrastructure for the city, are justifiably confident of their capabilities to deploy, own and control this 
network, based on experience of other large scale projects. Their operating model is to be a neutral 
operator providing a network to support the city's requirements, provide a range of community 
services, and an infrastructure that will be available to other operators for the delivery of broadband 
services to businesses and consumers. 
The 2007 pilot has two distinct elements: a 22@ specific trial to explore the potential social and 
cultural implications of the network, followed by a more extensive city trial to investigate the 
deployment challenges and the potential value to be derived from a broad range of community and 
other public sector services and to take the initial steps towards defining a comprehensive 
transformation of services for its citizens. This is in line with the philosophy outlined in an interview 
with Sagarra that it is not the basic technologies or deployment of the infrastructure that is the most 
challenging: what will be hardest is to "determine how we can use the technology to transform our 
services, and what value do these transformed services bring, and what are the best systems 
configurations to meeting the functional and operational requirements of these services?" A step by 
step approach is needed, predicated on improving the way services meet the needs of the citizen, 
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optimising not necessarily reducing the Ajuntament's communications costs and enabling more 
learning about the transformational implications of these technologies for service delivery, (interview, 
2006) 
The main drivers of the initiative are practical rather than visionary. The city is having to meet the 
challenge of an overall growth in demand for municipal services and rising network costs; increasing 
levels of mobility required in the delivery of public services as the city seeks to improve the overall 
efficiency of its services; growing mobile phone costs across the Ajuntament and across the city as 
more manpower becomes field based; and concern for ensuring the quality and reliability of public 
services. A wide range of stakeholders will be involved - beyond the Ajuntament - since services such 
as car parking, bus and rail services operate in partnership with the private sector. The pilot covers the 
following applications and exploitation. 
Application Exploitation 
Mobile Access to PDAs Parking and other traffic code infractions 
Preventative and other maintenance for the fleet of buses 
Mobile access to Closed Circuit TV (CCTV) 
Mobile access to city's core applications for field works 
Cameras Mobile cameras on buses for security and management 
Cameras that can be relocated to trouble spots 
Fixed cameras attached to traffic lights for traffic management and 
security 
Provision of network connection for the "bus of the future" 
Broadband access for Provision of general connectivity 
public parks and car parks Data collection from public parking 
Information Panels and Information panels for public announcements and advertising 
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connection of other remote Thermal counters to count pedestrian and vehicle movements 
devices Management of public parking and traffic zones - restricted parking 
zones, general street parking and the dynamic reassignment of lanes to 
create dedicated lanes to move traffic 
Voice Voice over internet protocol (VOIP) initially for parking and then to be 
extended to all field workers 
Traffic Management Connection of all traffic lights to traffic management network 
Table 4.1.1 Applications and function planned in Barcelona municipal wireless pilot 
Governance: The services to be delivered over the network were defined by a working party including 
representatives from of the Ajuntament and 22@ District. Sagarra will contribute to the evaluation 
panel for the Request for Proposal (RFP). Sagarra echoes the comments of Sacristan that the amenities 
he is building, from an infrastructure perspective, are not perceived as adding unique value in terms of 
attracting property investors, property developers or prospective tenants. Neither Sagarra nor Sacristan 
feel that the real estate partners who negotiate sales or lettings, or the real estate executives 
representing the firms considering moving to the 22@ district, consider these amenities to be 
exceptional. When the functionality being offered by resilient power management, communal district 
heating and cooling, pneumatic waste disposal is spelt out, it is seen as being "nice to have", but not an 
important differentiator. 
Business and User Value: The facilities offered by the telecommunications infrastructure are assumed 
to be "standard" by major international firms. In Sacristan's view, it is necessary to point out the 
business value these services bring, and that they are not standard in all cities. Some of the smaller high 
tech firms interviewed, such as Telemedicine Clinic and Swedish Communications, did highlight the 
importance to them of these capabilities. However, in terms of purchasing or leasing real estate, they 
are not perceived as adding exfra value. As can be seen from Cushman and Wakefield's (ECM, 2006)) 
analysis of the factors affecting a firm's decision to relocate to a city or city-district, availability and 
99 
quality of telecommunications represent three out of the top five factors for the service industries. 
However, if all competing city locations are considered to be on a par then this is not a differentiator, 
unless excellence and business value can be articulated. 
Industrial Consumer Professional 
% % % 
Easy access to markets, 
customers or clients 61 63 64 
Availability of qualified staff 61 52 61 
Transport links to other 
cities and countries 59 56 49 
Quality of telecqinmunicatipns 47 51 52 
Cost of staff 39 39 . 31 
Table 4.1.2 Relative importance of city attractors to industrial, consumer and professional services 
firms (ECM, 2006) 
Challenges and Achievements 
The Barcelona Portal has received a number of awards including special mention at the 2008 
"webbys", which is the equivalent of the Emmy's but for website design. The Barcelona Web site 
registered 23.5 million visits in 2007, which is an increase of 44% over 2006. These figures place 
Barcelona at the top of the ranking of European cities and among the top ten ranking for city web sites 
worldwide. The monthly Alexa ratings ranked Barcelona's site first among Spanish city sites in 2006 
and in 2004 and 2005 the site received acknowledgement from the Auna Foundation as the number one 
municipal web site. Barcelona's city portal has received many awards and accolades based on the range 
of services offered in terms of e-citizenship, best practice in e-govemment and systems that improve 
citizens' lives. 
The range of services offered by the 22@ District does not duplicate the services available within the 
city portal. However, the 22@ District has introduced some important social initiatives one of which 
we examine in detail since it is an exemplar of how to increase social capital through inclusiveness, one 
of the goals of Barcelo. 
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Services to Address Social Capital - Virtual Memoria: In the midst of so much renewal, it is necessary 
to focus on retaining the cultural heritage of the district and project "Virtual Memoria" not only 
achieves this, but also helps to bridge the digital divide and grow social capital. In an interview (2007) 
Noura Bousdira the project executive for the Virtual Memoria project explains that: 
"The 22@ District project team considered that they needed to take active measures to 
preserve the social, cultural and industrial history of the district so as to maintain its character. 
Leaving a few landmark buildings to commemorate the districts past was considered 
important but insufficient. Secondly, the community has many older people who are on the 
very periphery of the knowledge economy yet will live right at the heart of its physical 
presence". 
She considers that the future of this district will only be sustainable if the schools provide their children 
with the skills needed for the knowledge economy. Noura Bousdira added that: "It is these imperatives 
that drive the Virtual Memoria programme". 
As part of Virtual Memoria, a group of more than 150 children has been trained to interview the older 
district residents, film them, collect interesting documents and photographs, and edit and transfer their 
results to a central repository, which is accessible over the internet. The children work in teams with a 
designated older resident from the community. On the completion of their task, it is shown to the 
interviewee: it details their history, including photographs, and memories including live interviews 
which can be streamed from the internet. 
The data gathered by the children appears to be compelling to the older residents who participated in 
the programme. During the course of my fieldwork I witnessed children showing this content, via the 
internet, to these people whose lives had been chronicled. The reaction was uniformly one of curiosity 
followed by excitement as they saw themselves, perhaps in live video, and their friends', family's and 
neighbours' contributions. Their initial excitement was followed by deep engagement as they 
questioned the veracity of other contributions or the memories of their friends and neighbours. The 
medium of personal computer and the internet soon became secondary as they explored the content. 
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The young researchers demonstrated how they could access important information using the internet in 
order, for example, to book hospital appointments, check the social services available, etc. Their 
introduction to and engagement with the internet was enabled by the compelling personal content. The 
project is achieving its three main goals. Firstly, it helps bridge the digital as well as social divide of 
age and attitude. Secondly, it captures the precious individual and collective memories of a district 
experiencing astonishing rates of change. Thirdly, it is teaching a broad spectrum of internet and media 
skills to a community of children whose aspirations now might include the knowledge based and 
creative industries. 
Ubiquitous connectivity is the goal of the 22@ team and through creative programmes such as Virtual 
Memoria, they aim to improve social cohesion and bridge the digital divide in the new district. 
Growing Virtual Memoria: Continuing this programme is becoming problematic: the available funding 
and resources will not allow its extension to more than a few hundred children and some tens more 
older residents of the district. It is dependent on the residents using the services regularly and this 
requires access to a computer, and provision of broadband services in homes or community centres in 
Poble Nou, the main district of 22@. It also requires familiarity with the technology - the interface 
design is a standard graphical user (GUI), browser based interface, manipulated by a mouse. Chat 
rooms, forums and other services are all GUI, but nevertheless they are difficult for some older people 
and continuous support is required if their initial interest is to be maintained and become routine. Such 
support is not always available, and computer and internet use remains challenging and after some 
initial enthusiasm, usage rates fall. In the Shoreditch case study of digital TV interfaces and access to 
similar types of service using Digital TV equipped with a set top box are being exploited. A similar 
approach is being considered for Poble Nou by the 22@ District with a planned Canal22@. The Virtual 
Memoria project highlights the issues of accessibility in terms of design and interfaces, availability of 
hardware and the need for ongoing support to ensure that use becomes routine. 
Actors 
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The Ajuntament de Barcelona is employing a centralised planning approach to transforming a major 
tranche of the city, as a major plank in its strategy to become a knowledge city. The Ajuntament and 
specifically the 22@ District project team which has been charged with leading this transformation, has 
undertaken a comprehensive renewal of the infrastructure required to support firms and communities in 
a knowledge based economy. They project team recognises the importance of supporting 
transformation of both the physical infrastructure and the social and cultural aspects that are enabling 
Barcelona's economic transformation. The overall systems approach described by Barcelo and Sagarra 
is consistent with Hughes's model of a seamless web that incorporates the physical, technological and 
social implications of supporting the transformation of an industrial base. This includes also the skills 
and economic development required to enable the entrepreneurial base of the city to grow, as proposed 
in the CCS framework. 
Learning and Contribution to Theory and Practice 
Following Hughes's definition, Barcelo is a manager-entrepreneur and Sagarra is an engineer-
entrepreneur. In this model there is no need for an innovator-entrepreneur unlike the LTS model for an 
innovation system. The technology has been invented, transferred and is being adapted to local 
conditions. Consistent with LTS theory, the project is transforming the infrastructure, led by a singular 
vision of a large scale technological network embedded in a broader socio-economic programme. The 
strategic vision for renewal is a shared rather than an individual vision involving the Ajuntament and a 
network of actors made up from affiliated stakeholders that includes politicians, administrators, 
academics, business associations and business leaders, property developers and investors. Based on this 
strategic vision, a formal organisational construct of the 22@ District was set up as a legal entity with a 
president, Barcelo, and a governance model that involves systematic engagement with the actors to 
shape the direction and overcome "reverse salients", whether they be economic, organisational, social 
or political. Extending the LTS model is the emergence of a pre-eminent "techno-financier" network as 
well as a highly integrated approach that combines economic development, urban planning, public 
service delivery, social capital development, in other words, the CCS model. Almost all of the 
development is on private land, the €12 billion estimated as the final cost for developing the 4 million 
m^ comprising 22@ is from private investors. The reclamation of 30 % of the space for green space, for 
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infrastructure and shared community services, and social housing has necessitated some re-zoning in 
terms of land usage and permitted building heights to ensure the financial attractiveness of the 
redevelopment. Thus, a combination of technological, economic and entrepreneurial skills has been 
required to attract financing, build momentum and execute this physical, industrial and social 
transformation. The skills of Barcelo and his immediate team, as well as the "expert circles" they have 
formed with industry, the financial sector and academia have played a vital role in generating the 
investor base, matching the private interests of land owners, developers and potential industrial and 
academic tenants, and deploying the infrastructure and amenities that will be attractors and important 
enablers for a life/work/leaming knowledge based business and residential community. This initiative 
is not based on the vision of an individual, an entrepreneur; it grew out of an organisation that was 
formed by the Ajuntament to create a shared vision for a Hughesian style economic and socio-technical 
system which has been executed through a formal governance model to produce a large techno-
financier network able to deliver a complex, city wide systemic transformation. 
Barcelona has developed strong in house capabilities through the conduction of similar projects. Its 
recent experience includes the transformation for the 1992 Olympics, the extension of Diagonal to the 
sea and the development of Diagonal Mar, and the development of the Forum, which all involved 
complex large scale technical infrastructures. This experience has enabled the city to embark on the 
deployment of a wireless network, based on the city authorities' own resources rather than being 
outsourced in a public private partnership. The city is conducting a step by step validation process to 
ensure a resilient infrasfructure is deployed to support its applications, and that the public services 
selected are viable in terms of their economic returns - savings through improved efficiency, lower 
communications costs, etc. It is both a commissioner as well as a system integrator, which contrasts 
with other cities. 
As an example of how this socio-technical-financial system is reaching out to engage all of the 
community, we highlighted the Virtual Memoria project. The vision and early execution of Virtual 
Memoria has been exemplary in most respects and reflects the thoroughness of planning visible in 
every dimension of the 22@ regeneration programme. However, we also highlighted the challenges of 
the technology platform, its accessibility and usability and the resources required to roll out and support 
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the project further. These problems are likely to limit the scale of its deployment and its ultimate 
impact. We return to these points in Chapter 6 which summarises the challenges facing city initiatives. 
The Barcelona case study illustrates an integrated approach to CCS, the importance of having the 
capabilities to deliver it, the role of the different groups of actors, and the importance of the individual 
as part of an organisational construct with the capacity to deliver large scale systemic change 
Case Study 2: Attraction and Connection of Social Capital 
Introduction 
Cities are competing one with another to attract firms and foreign direct investment (FDI) as well as 
skilled knowledge workers, in their bid to develop social capital and innovation capacity. A component 
of the CCS framework is the integration of economic development, the enhancement of social capital, 
and their enablement by a digital infrastructure with appropriate applications and services. The focus of 
this case study is the social capital component of the system, especially attracting international talent 
and the importance of connecting it, technologically as well as socially. 
This case study demonstrates the importance of attracting an international community, especially 
Florida's 'creative classes' (2002). The research shows that this is an important precursor to developing 
a city or region's social and economic capital. However, cities must also connect its community and 
encourage pro-active engagement with local firms and institutions; ICT plays an important role in this. 
Without these connections between the international community and local firms and institutions as well 
as local society, the international community will not play a significant role in a city's aspirations to 
transform itself for the knowledge economy; nor will the city reap the fall returns from its other 
investments and initiatives for innovation. A version of this study was first published in Innovation 
Management Policy and Practice, Leon (2008); a revised version is published in Paradigmes, Leon 
(2009). 
Context 
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Barcelona is intent on transfonning its industry and becoming a knowledge-intensive city. It was rated 
as one of the world's most attractive cities in 2006, as measured by European City Monitor which 
ranked it number 1 in Europe for quality of life for employees, and number 5 in Europe as a business 
location (ECM, 2006). Every year Barcelona attracts more international residents, many visit for 
business reasons, or to enjoy holidays, to set up home, find employment or start a business. Fifteen per 
cent of Barcelona's population is from outside of Spain (Ajuntament de Barcelona, 2007). 
Barcelona is an increasingly popular destination for the 'creative classes' (highly educated 
professionals and artists), with almost 55% of its international community from the EU 15 and the USA 
and Canada with higher education. This is more than double the proportion of the local population with 
higher education (22.6%) (Ajuntament de Barcelona, 2007). However, it is becoming clear that 
attracting a talented international community is not enough on its own to stimulate transformation to a 
knowledge-intensive city. Employment data show growth in the proportion of lower value-add jobs, 
fuelled by growth in the construction and leisure sectors, rather than the knowledge-intensive sectors 
(IDESCAT, 2006). For members of this international community to become significant actors in 
transforming the knowledge intensity of the city, the Barcelona authorities are realising there is a need 
to connect to local firms and institutions. 
Thus, in February 2007, the City Government, the Ajuntament de Barcelona, commissioned Imperial 
College Business School to undertake a research project focusing on the 22@ Barcelona District of 
Innovation. 1 was given the task of establishing the extent to which the international community was 
currently engaged with local firms and institutions and the local community. I was asked to determine 
local attitudes to newly arrived foreigners, and vice versa, and to suggest actions that could be taken to 
enhance the level of engagement between these communities in line with the objectives of the 
regeneration programme. More specifically, the Ajuntament sought to find ways to harness the 
international community's links to firms and institutions worldwide thereby developing Barcelona as a 
global hub of innovation for the knowledge-based industries and providing new international market 
opportunities for existing firms. The study comprised of an analysis of the current strategies and related 
documentation, interviews with the major agencies of the city authority and members of the 
international community and an online survey of the international community. 
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Highlights of the study 
This case study demonstrates that successful urban regeneration and the corresponding transformation 
to a knowledge-intensive economy demand a multi-faceted approach. It suggests three conclusions of 
relevance to city policymakers concerned with securing the economic futures of their cities in the new 
environment. The first is that reliance on one or even a small set of linked initiatives is not enough for 
success in such a shift, a systemic approach is required. Second, it highlights that reliance on attracting 
international human capital as a catalyst for knowledge-intensive economic development is not enough. 
It also requires consideration of the international community's personal needs and the city must take 
proper measures to connect the new population to the existing community, local firms and institutions -
a city must be proactive in forging the connections between key actors. Third, it recommends that 
supply-side policies alone are insufficient and need to be complemented with demand-side initiatives. 
This case study suggests that failure to exploit the diversity, higher levels of education and knowledge 
and the international social networks of an existing highly mobile international community is likely to 
inhibit a city's progress towards becoming a knowledge-intensive economy. 
The principal finding is that it is not sufficient simply to attract a highly skilled international 
community to live and work in a city with the aim of encouraging greater knowledge-intensity in 
existing and new businesses. For the city to benefit, it is essential to capture the knowledge and 
economic spill-overs to feed local firms and institutions through proactive engagement of both the local 
and international communities. The research sought to identify the programmes that Barcelona might 
implement to maximise the connectedness of its communities and the benefits that might accrue. 
Challenges Faced by the City Authorities 
The city authority's goal is to make the 22@ District of Barcelona a new hub of innovation at a 
regional, national and international level with a special focus on the knowledge intensive industries of 
bio-medical, energy and the environment, ICT and media. My initial research highlighted five potential 
inhibitors to achieving this goal: 
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human capital is not aligned to the needs of the planned industry clusters, with only 15.2% of 
the working age population in the district with higher education (Ajuntament de Barcelona, 
2007) 
low incipient level of local entrepreneurship as measured by the Global Entrepreneurship 
Monitor (2007). Adult-age participation in high-expectation entrepreneurial activity is just 
0.2% in Spain, the lowest within the EU, and contrasts with observed levels in North America, 
Australia, Ireland, New Zealand and the United Kingdom, which range from 0.8% to 1.6% 
limited availability of venture capital funding which is crucial for attracting firms and 
supporting start ups in industry clusters such as those developing in the 22@ District. Early 
stage funding is scarce, especially at levels under 1 million euros (Guillot, 2006) 
few large firms, especially those headquartered in the region, which are 'essential to the 
innovation system', (EU Report: Creating an Innovative Europe, 2006). Barcelona historically 
has had few large firms outside the fmancial services industry, with most local Spanish firms 
selecting Madrid as their main headquarters and international firms favouring Madrid as their 
main administrative centres. 
Barcelona's attractiveness to members of the international community is not reflected in its 
business linkages to other global cities (Taylor, 2003). This analysis shows that its global 
connectivity is inferior to that of Stockholm, Dublin and Madrid and that its international 
connections to Latin America lag behind those of Cologne, Diisseldorf and Manchester. 
In summary, while Barcelona appears to be highly attractive to the international community at the level 
of individuals and firms, this does not translate into the same level of international engagement and 
interaction with major firms and institutions as is the case for other global cities. Further, some of the 
key enablers recognised by international research for innovation and transformation, including attitudes 
towards entrepreneurship, the availability and access to venture capital, the presence of large firms in 
108 
the local industrial landscape, and strong and established international business connections are weaker 
in Barcelona and Spain in general. 
While these are some of the challenges facing the city, it has the opportunity to build on past 
experience and some significant assets. For instance, Barcelona has been and continues to be a leader in 
public sector-led initiatives for economic transformation, including pioneering industry clusters and the 
establishment of Spain's first Science Park which is serving as a role model for other regions in Spain 
(Reichert, 2006). There is a significant international community in Barcelona and in the 22@ District, 
representing 13.1 per cent of the population in Sant Marti. This community is highly educated and has 
the potential to raise the skills base of the district and to improve the relatively low level of local 
entrepreneurship activity. 
Case Study Findings 
The interviews and the online survey are produced similar findings. The online survey responses 
identified issues related to communication in terms of local knowledge about the scale, scope and 
opportunities offered by the 22@District and the level of resourcing of the project team charged with 
the economic and social development of the 22@District. 
The most relevant issues were related to the general barriers to engagement, from both a business-to-
business perspective and the perspective of those seeking employment with local firms. Responses 
referred to both work and personal issues. 
• Employment opportunities and pay levels: lack of major national and international firms 
headquartered in Barcelona limits career opportunities; pay levels in local firms are perceived 
as low by international standards; 
• Language in the work environment: the predominant working and social exchange language is 
Catalan. This dominance extends to the internet and the web presence of many firms and their 
intranets. The international community is ready to invest in learning Spanish as this 
investment can be exploited elsewhere, but willingness to learn Catalan is much lower and 
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even members of the Spanish community perceive a glass ceiling which even fluent Catalan 
speakers for whom Catalan is a second language are unable to pierce; 
• Work culture and organisation: the work culture is perceived as very hierarchical, with 
decision-making almost exclusively executed by the CEO, proprietor or senior divisional 
heads of businesses. Access to these executives was reported to be difficult both within firms 
and institutions and from the outside; 
• Openness to new ideas and risk: local firms are perceived as unwilling to share information, 
progress new ideas jointly or take the risks of early adoption, say, of new technologies, 
practices or business models. 
There were unfavourable comments about the assistance available to new and incomer business. These 
included: 
• Investment environment: local financial institutions are willing to invest where there are 
physical assets but are uninterested of the assets are primarily intellectual. Venture capital 
funds are scarce, especially for small projects which impedes the growth of many small firms; 
• Procurement practices: Barcelona was not considered to be exploiting large scale public 
procurement to encourage innovation or attract new FDI. Using the example of the energy 
sector, it seems that where other public authorities in Spain are ready to negotiate with 
international firms to ensure they invest in local building manufacturing, R&D or service 
delivery capabilities when large scale public procurement tenders are published, this practice 
is seen as more likely to ensure that public expenditure going to these firms is transformed 
into local jobs and to stimulate the local economy. Catalonia does not follow this practice; 
• Local economic development institutions: Barcelona's local business institutions, including 
chambers of commerce, CIDEM, ACI and COPCA, are charged with helping international as 
well as local businesses develop regionally and internationally; however, this study suggests 
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that these institutions are perceived as having overlapping roles and responsibilities, being 
slow to respond to international firms and individual entrepreneurs, lacking detailed 
knowledge about important high technology growth industries, providing content on their 
websites exclusively in Catalan (initial pages may be in Spanish as well but detailed process 
and procedural guides are only in Catalan) and to have limited capacity in terms of funding 
and investment. 
These perceived barriers to doing business are exemplified by the following comments from members 
of the international community working in Barcelona: 
• 'Local businesses are not so open and with a very parochial vision. For a firm in Girona to sell 
to Madrid is a breakthrough, to sell to China is inconceivable'. 
• 'And the culture is risk averse: fail and you are dead. But sadly this is confirmed by the 
attitudes of young people in a recent poll where 50% wanted to work as a public employee'. 
• 'The local support functions CIDEM/ACI/Barcelona Activa etc lack critical mass ... they are 
just a "Petty Cash Dispenser" and in general there is not enough wisdom by VC community'". 
• 'It 's easier to meet the #3 person in Google Worldwide than the General Manager of 
Telefonica in Girona'. 
Some responses were specific to 22@ and covered both business and personal issues, including: 
• lack of brand visibility: 'Everyone's heard about it but not what it offers or stands for' and 
'lack of clarity of what the 22@ Business Development group do' versus other agencies 
• lack of effective international marketing: 'It needs presence, strong presence at major 
international property events or you're out-marketed and international investors and 
developers go elsewhere', 
• Amenities: "You pay premium prices today, but the amenities won't be there for some years" 
and 'It needs more 24hr facilities, places open late which are still buzzing and wireless in the 
main public areas...so you can work anywhere'. 
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• rents: We're a growing company but being asked to sign up for a minimum of 5 years in one 
unit when we might out grow it and need to move to another within 2 years within 22@, is 
unrealistic' and 
• schools: international people start first by looking at the schools, and the international ones are 
all in Zona Alta'. 
Profile of the international community and its international connections 
Respondents to the on-line survey were mainly executives (8%), managers (30%) or proprietor / 
entrepreneurs (23%) and professionals (21%). They were involved in Financial Services (19%), 
Creative Industries (architecture, design, TV, Media, Advertising) (19%), IT (11.5%), Manufacturing 
and Distribution (10%), Life Sciences (5%) and Energy (4%). The age range was biased towards the 31 
to 40 age group, which represented nearly half (47%), and the 41 to 50 age group who made up one 
third of respondents. In terms of backgrounds, the range was extensive, with 59 different cities with 
which respondents stated having strong or very strong professional contacts that could benefit local 
firms or institutions. 
The community had arrived in Barcelona by diverse routes - more than a third had been transferred by 
their companies (36%), a third had decided they wanted the Barcelona lifestyle and came seeking work 
(32%). There were mixed feelings about the new life and many were seeking far greater engagement 
both socially and with local firms and institutions; only 32.3% stated they felt integrated to a great or 
very great extent at a social level, while more than half wanted to be much better integrated. 
In assessing the degree of their engagement with firms in the area, respondents were asked how 
important local and international firms were as sources of new ideas and knowledge, as users of their 
goods and services, and as providing value as partners or suppliers. In each case, local firms were 
ranked lower than international firms. When asked: 'How important are local and international firms to 
you as clients, suppliers and partners, as well as in the innovation process?' respondents indicated that 
international firms were overwhelmingly more important to them than local firms - and almost twice as 
important as the local firms in terms of bringing new value or contributing new ideas. 
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Respondents have contacts with the local community largely via social (82%) or professional networks 
(52%) and the internet (55%) or through schools (39%). The key barriers to connecting with the 
business community are language, workplace culture, and openness to new ideas. 
Respondents had problems at both personal (schools and housing) and business levels. At the personal 
level, they were concerned about housing and schools. Respondents also wanted help with personal 
and vehicle registration, administration to do with immigration and household goods importation, . 
health care and preferably in languages other than Catalan. 
At the business level, respondents stressed assistance programmes and help in finding clients and 
partners as more important than the search for offices. However, help with real estate is the most 
evident of the local programmes offered. 
There was strong awareness among respondents of the existence 22@District brand, although less 
about what it means and some thought it was a housing programme. Almost half of respondents were 
familiar with the 22@ District and its key initiatives and programmes and identified it with an exciting 
place to work, open and friendly, international, dynamic and creative and high quality amenities. 
Half of respondents said they were familiar with the 22@District and had been attracted to work or live 
there. The major areas of concern were lack of centrality, amenities, and transportation. 
Lessons Learnt and Contribution 
Members of the international community already resident in Barcelona are ready to contribute to 22@; 
they seek greater engagement and are ready to become partners in this integration and engagement 
process. In spite of substantial communication effort by the Ajuntament de Barcelona, there is only 
modest awareness and little knowledge among members of the international community of the city's 
flagship programmes, aimed at transforming at least part of the city into a knowledge-intensive 
economy and of the importance of the 22@ District to this goal. This lack of understanding extends to 
the private and business communities. In terms of engagement, the international community does not 
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see the city or the 22@District as proactively engaging with it and sees challenges based on language, 
work culture and openness. 
In relation to 22@, the major areas of concern that emerged from the surveys were related to the 
strategy of developing knowledge-based industry clusters in the 22@ District, its centrality and the 
current level of amenities - transport, education and housing. Firms need help in improving their 
linkages and contacts with local firms, as potential clients and as partners. They see substantial overlap 
among the different agencies aiming to promote economic development and are concerned about their 
quality and responsiveness. Firms regard the funding these agencies manage as modest. Finance and 
access to venture capital are not aligned with the goals of developing another 75,000 jobs in this district 
and growing a substantial number of start-up companies. While other nations as well as other regions in 
Spain are using public procurement and demand side incentives to support local industry, new start ups 
and attract international firms, the Catalonia region is not doing this and this is likely to impact on the 
22@ District and its transformation strategy. 
Policy Actions 
The vision for the 22@ District includes support not only for business but also for the communities and 
individuals needs, such as housing and social amenities. This is component in their strategy of 
providing an environment in which the 'creative classes' feel at home and have maximum 
opportunities to interact with other nationalities and local residents and with business people. This 
research suggests that, despite careful thought, some elements were receiving insufficient attention, 
especially in relation to the sizeable and influential international community. The survey data suggest 
some lessons for other cities seeking to become 'knowledge economies'. The plan subsequently 
developed for the 22@ District is unusual in that, among other approaches, it specifically targets 
international professionals, which it sees as stimulating local economic activity and as enablers for 
local businesses to enter new international markets and raise skills levels and profiles. 
Research recommendations 
The research recommendations which have been accepted by the city are as follows: 
Provision of International Education: One of the major areas of concern was schooling - primaiy and 
secondary. The attraction of the District to live and work in will depend on the availability of schools 
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for the children from the international community arriving in the city. There were several aspects to 
education generally that were highlighted. The level of English and other foreign languages spoken in 
the city is poor, and there is a need to strengthen and extend English language training in schools and 
colleges and through associations. Given Catalonia's history and context tri-lingualism was necessary. 
There is a need to extend the availability of international schools: the existing ones are distant from 
22@ and have small capacities. The importance of schools was clear from several responses. It was one 
of the first things that people asked about when deciding where to live or whether to move to the city. 
The availability of international schools or the facility of local schools to cater for the international 
community will be a crucial component in attracting the skilled international workforce targeted. 
Engaging on a business to business basis is at the heart of the regeneration plan. The city and 
specifically the 22@ District needs to build more effective networking programmes - matchmaking 
events, forums, business breakfasts - to enhance and underpin the ICT services and infrastructure. 
Again, language and connections are key: the new ICT infrastructure should include the provision of a 
Portal with extensive business services rather than just information, and be multilingual. The ability to 
meet with firms on their premises or in third party locations would be enhanced if the WiFi pilot were 
extended to give ubiquitous internet access, especially within the 22@ Barcelona District. Skilled and 
experienced resources that can mediate between local agencies and international companies in the short 
term, and on a longer term basis rationalise the programmes they offer and enhance support in 
languages other than Catalan, are essential for strong connections. 
Interdisciplinary Innovation System: Since the 1980s, Barcelona has been a leader in 'supply side' 
initiatives to drive economic development - e.g. the 1992 Olympics, and the city's and the Catalan 
Government's investments in universities, research centres and infrastructure and provision of 
economic and fiscal incentives. However, respondents noted that the supply side approach may need to 
be balanced with more 'demand side' programmes, using public procurement practices and 
competitions that encourage the establishment of consortia involving local and international firms, and 
encouraging knowledge spillovers, and development of social networks and expertise. Across Europe, 
particularly since the Lisbon Accord, cities are encouraging the formation of industry clusters on their 
peripheries or in regenerated areas within cities. Most target the sectors of ICT, bio-medicine, digital 
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media and renewable energy. Thus, there is considerable competition in these fields internationally. 
Barcelona has an ahnost unique differentiator in that the 22@ Barcelona District offers a dense and 
well connected urban environment for industry clusters in four distinct sectors. This creates the 
opportunity for industries to differentiate through cross-sector innovation, not just excellence within 
separate industry 'pillars'. 
Introducing Demand-Side Initiatives: The approach taken by Barcelona so far is consistent with the 
development models suggested by Fujita et al. (1999), which suggest that diversity can drive or is 
driving innovation. But this approach requires explicit management of spaces and provision of special 
amenities to encourage cross-sector innovation. Innovation can be encouraged by 'demand-side' 
initiatives that seek cross-sector collaboration. These initiatives could include leading edge electronic 
healthcare delivery and telemedicine which involves digital media, ICT, bio-medical engineering and 
life sciences, and new pedagogical models for delivery of education that involve all of these clusters. In 
all of these areas the city has demonstrated academic, research and industry leadership and has made 
substantial public sector investment. 
Conclusions of Barcelona Case Study 2 
Barcelona's attraction for the creative classes is evidenced by several market research studies. It is clear 
from data on education and population that skilled members of the international community are being 
attracted to Barcelona and that their community is already substantial. The City Authorities are 
concerned that this important asset in terms of human capital is being under-utilised and that increasing 
the extent of engagement with local firms and institutions and socially with the local community would 
greatly enhance the city's development to a more knowledge-intensive environment. 
My research confirmed this view but pointed out that cities that can not only attract but also are 
proactive in engaging and connecting the international community with local firms and institutions, are 
more likely to prosper in a highly competitive knowledge intensive, networked economy. 
This second case study shows that the international community in Barcelona is seeking greater 
engagement and that the barriers to such engagement need to be addressed pro-actively. More is 
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required in policy terms than developing the city's amenities and attracting the creative classes. A 
survey by IDESCAT highlighted that the jobs that have been created in Barcelona are primarily in the 
construction sector and retail and leisure services, not the knowledge economy (2006). This has been 
driven in part by the needs of the international community for high quality housing and services to 
support the lifestyles that attracted them to come to the city. However, the economic incentives to 
relocate, such as lower taxes than in their home countries, may mean that their contribution to the 
public sector will be proportionately lower than that of local citizens. For a city to benefit from its new 
arrivals, however skilled, it must be pro-active in fully engaging them if it is later to exploit their 
capacity for innovation, knowledge transfer, and access to extended international social networks. 
While diversity in the work force and a constant supply of highly skilled people are important for 
maintaining or enhancing innovative capacity and avoiding a convergence in knowledge and 
information, success will depend on Barcelona's ability to understand the nature of its new assets and 
to actively promote and use their skills. 
In summary, this second case study of Barcelona focuses on the local innovation system and the role of 
talent and the development of social capital as part of the CCS model. It has addressed the problem of 
engaging the international community living and working in the city as a means of enhancing social 
capital and highlighted the issues associated with its integration with local institutions and firms and 
the potential impact on the economic and cultural development of the whole city. The case study 
highlights that this community, despite finding Barcelona a highly attractive place to live and work, 
remains relatively disengaged from the city's firms and institutions. Without greater engagement, the 
intellectual, cultural and commercially valuable assets of the international community will not be fully 
exploited. The study shows the importance of the human capital and social network component of 
CCS. It is not sufficient to attract the so called creative classes to the city; it is necessary also to 
connect. The research found that broadband, municipal wireless and related services are important tools 
in attracting and connecting the international community. The case study also demonstrates the linkage 
between a city's economic development strategy, industrial and social capital, and technology strategy 
which form key components within the integrated CCS framework. 
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4.2 Case Study: Corpus Christi Municipal Wireless Network 
Context 
Corpus Christi, Texas, is on the Gulf of Mexico and has a metropolitan population of just over 400,000. 
It is the 63rd largest city in the US according to the 2003 census, and the 5"" busiest port. According to 
Site Selection magazine, the city ranks fourth for new investment, behind New York, Detroit and 
Chicago and ahead of Dallas-Fort Worth and Houston. 
Corpus Christi is an example of one of the first global, large scale deployments of WiFi and WiMAX, 
in terms of physical scale and ambitious range of public services and applications that the network 
could offer. During the 18 months of field study starting in 2006, the commercial model and ownership 
of wireless network were undergoing significant changes, which were highlighting governance and 
business model problems. This case study provides important insights into the capabilities of city 
authorities to manage the deployment and subsequent operation of such networks, and the changing 
priorities in terms of the services being offered. 
Objectives 
The city authorities describe Corpus Christi as a dynamic city which has attracted a great deal of new 
investment, and which has the objective of providing affordable wireless broadband access for every 
citizen and business in the city region and to improve public safety and city services. Transformation of 
the city's services was the initial justification for a much more ambitious and costly set of project 
goals. The project began in 2004 with a decision to implement an Automated Meter Reading (AMR) 
application for the city owned gas and water utility company, based on WiFi technology. The WiFi 
network covers 55 square kilometres and reaches 150,000 work and home locations as per the initial 
project, but from the outset it was planned to build on this and eventually to deploy a network that 
would improve the quality of government services and lower the costs of their delivery in order to 
make the city more efficient, and to provide services that would attract business and deliver more 
benefit to the community. 
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Technological Systems Strategy 
The city determined that a wireless broadband network using WiFi technology and WiMax for 
backhaul would not only meet the requirements for AMR and remote device management, but would 
be extendable to support public services and free public access to broadband internet services. The 
project was to be managed by the city and a systems integrator appointed to design and build the 
network. 
In November 2004, Corpus Christi awarded a $23 million contract to Northrop Grumman Corp., a 
subsidiary of the Los Angeles-based defence contractor of the same name. Hugh Taylor, Division 
President, Northrop Grumman commented at the time that "This broadband-wireless network is one of 
the largest citywide deployments to date in the United States and will demonstrate the 'digital city' 
concept whereby government employees and the public have wireless high-speed data access anywhere 
in the city" Northrop Grumman conducted a detailed network and IT study for Corpus Christi to ensure 
the proposed wireless-broadband capabilities would be sufficient to support future applications for the 
delivery of community services, one of which was the provision of low cost broadband internet access 
to small firms and local residents. This cost included the upgrading or deployment of 150,000 utility 
meters to provide AMR 
Deployment was based on a combination of WiFi radio technology, including a mesh network, and WiMAX. 
When the service went live in 2006, the network could be accessed for free although the plan was to impose 
an "affordable charge" at a later date, to cover implementation and operation costs. The service is accessible 
from a suitably equipped lap top, PDA or WiFi phone, and indoor business and home use is possible using a 
WiFi range extender. 
The city successfully completed its pilot project, covering two residential neighbourhoods with AMR (over 
2,200 homes) within a 300 radio-node cellular WiFi network. This provided WiFi access over 18 square 
miles of the central and shoreline area. In September 2005, the City Council approved expansion of the WiFi 
network to cover the whole city with completion due end 2006, to provide access across the entire city area, 
with over 1,600 nodes. 
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The City Authorities' were motivated by what the introduction of cell phones had done for telephone access, 
and were keen to introduce a metropolitan area WiFi network to enable broadband internet access in order to 
provide the city's residents with a more powerful and affordable alternative to cable/DSL access, empower 
local businesses by providing the tools to more effectively manage and sell their products and services across 
the region and the world. The aim was also to enable the city to transform its services for public safety and 
enhance the delivery and operational effectiveness of other services. 
In October 2006 the city reported several applications deployed and several capabilities enabled according to 
Leonard Scott, the CIO responsible at that time. (Interview, 2006) 
Applications Deployed - 2006 
" AMR for water and gas extended with automated distribution via remotely managed valves and 
sensors; 
• secure mobile access to criminal histories, incident reports and video surveillance for law enforcement 
officers; 
• mobile access to research properties and file reports for code enforcement inspectors, which reportedly 
was reducing the time needed for inspections from 30-50 days to 10-15 days, saving about 25% of 
time for new building construction; 
» remote access to critical infrastructure data for construction and repair crews; 
» emergency responders with mobile access to building and infrastructure requirements; 
" enhanced traffic management through interconnected traffic signals; 
® emergency health care provision via mobile access to medical records enabling first responders to 
extend treatment beyond immediate first aid, to bypass triage and provide data on vitals and video for 
emergency doctors; 
" community access to education, grade books, and calendar applications for schools, teachers, students 
and parents. These community applications allow access to thousands of live and interactive 
university, business and self improvement programmes; enable parents to access their children's 
school networks to check on progress, and upcoming assignments; access to information on medical 
problems; and access to VOIP applications 
Planned evolution of services and future priorities 
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In June 2006, the city issued a "call for partnership" to attract firms to expand the range of services they 
were offering, with a special focus on services for small businesses. The goals of the exercise were to 
improve the effectiveness of local small business through the provision of online services and applications 
and to increase revenue for small firm sales through the development of local and global online marketing 
channels. A portal was planned for small and medium business use to provide: 
« awareness and training - case studies on small businesses providing examples of the successful 
exploitation of technology to improve operations and sales and training via online webcasts and 
interactive tools; 
» online services - providing online business service solutions including web hosting, eCommerce, 
eProcurement, marketing, sales, business email, business telephone, VPN, virtual meetings, etc. These 
services to be provided by the portal sponsor or partners or advertisers; 
• products and solutions - providing a directory of trusted solutions for small business operations 
including financial, customer services, sales and work force solutions 
Achievements and Challenges 
Scott reported that there were demonstrable benefits from the system; however, the future evolution of 
this city owned and managed initiative was beyond Corpus Christi's capabilities, and further 
development of the network to meet all the goals required a different business model - a public/private 
partnership. On 19 December 2006 the Corpus Christi city authorities announced that they were close 
to a deal to sell the wireless Internet network to Earthlink and intended to enter into a franchise 
agreement with the company. The City's Commercial Manager, Skip Noe, was authorised to negotiate 
a contract with Earthlink for $9.01 million to buy the radios and other wireless components in the 
network, and upgrade the network to the industry standard in the other cities served by Earthlink. 
Earthlink also would sell wireless broadband subscriptions to residents. The agreement was a revenue 
sharing relationship which allowed the city 5% of the Earthlink's revenues from these services and 
gave Earthlink the rights of way to city property for a term of 10 years with the possibility of an 
extension. The target was to finalise the contract by January 2007. 
Assistant City Manager Oscar Martinez, in interview, said that the idea behind this contract 
arrangement was to "provide the city with an ability to bring the WiFi system beyond where it is now". 
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The contract agreement meant that services that had been provided to residents for free would now be 
subject to Earthlink's subscription fee. The new relationship would shift responsibility for the provision 
of WiFi home broadband services previously provided by the Corpus Christi Digital Community Corp., 
a non-profit corporation started by the City Council and accomplish transfer of the Wireless network 
that had cost the city $7.1 million. Contracts were signed in March 2007 and Earthlink acquired the 
WiFi network for $5.5 million and an additional $340,000 during the first year of service in the form of 
franchise fees and other revenue. The sale gave Earthlink the rights to provide wireless broadband 
services to the 147 square miles of Corpus Christi city, and Corpus Christi the opportunity to buy 
network services from Earthlink to support its community services, including AMR application for the 
utilities. 
On 1 June 2007, EarthLink opened its service to subscribers for a promotional fee of $6.95 a month for 
the first six months, and $19.95 a month thereafter, for a basic service of 1MB per second and options 
for higher speeds. 
On 19 August 2007, the Mayor of Corpus Christ and EarthLink officials announced completion of the 
network but acknowledging that ongoing investment and extensions would be needed. However, based 
on reviews of online forums in Corpus Christi, the service in terms of its fee structure, the change from 
free access to a charge, and the quality and coverage were not adequate. Below are some of the 
comments made in the online forum: 
"In other cities where Earthlink has managed a city WIFI, there was a set aside for low income 
users of half price Did City officials here even ask about this for our poor folks. We really 
need a poor person instead of all well off financially Councilmen". 
"I've had the wifi service through Earthlink for about a month now. It only works about half the 
time and the tech support has never been helpful despite long hold times. I'm switching back 
to my prior provider even though it costs a bit more." 
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"WiFi my butt. I just subscribed to the service and I need a bulky antenna that has to plug directly 
into my computer. AND, I have to be next to a window for it to work. Tell me how it's wireless" 
Learning and Contribution 
Applications and Services: What distinguishes Corpus Christi was its ability to find an application where the 
payback would justify the core network deployment, in this case AMR, on the back of which a wide range of 
services could be added at low incremental costs. This created quantifiable benefits from improved 
operational effectiveness, and provision of a network that could be opened up to the community to deliver 
low cost, or even free broadband services. With the infrastructure, the potential was created for other 
partners to come on board and offer value added services in partnership with the City Authorities, to 
businesses and residents. 
Governance: Corpus Christi is quite unusual in that the utility company is publicly owned, enabling the City 
Authorities to develop a publicly accessible network with one "killer application", AMR, and then exploit 
the network for other departments and for home and business use. The case study of Karlskrona depicts a 
similar situation of a publicly owned utility, but there the network was not deployed to enable AMR. 
We also see a number of issues associated with the capabilities of the City Authorities to manage and 
operate such networks and provide the range of end user and business services and we will see this as a 
recurring theme in other case studies. As the Corpus Christi network grew and required upgrading and new 
platforms to be developed for new services, third party services providers were brought on stream. The City 
Authorities then realised that they had neither the capabilities nor the financial resources or remit for these 
additional activities. 
The situation is similar to that reported in San Francisco who acknowledged problems related to lack of 
capabilities in the city authority and related agencies. Mayor Newsom of San Francisco was voted in in 2005 
and proposed a free WiFi system. In August 2007 this administration was still in the throes of finalising 
a contract with Google and Earthlink which would bring the city revenue of $2 million over four years. 
In exchange Earthlink and Google would design, build and operate a network that would provide free 
basic access services and EarthLink would offer a faster service to subscribers for a fee structure 
similar to that applied in Corpus Christi. The San Francisco plan to outsource the service attracted huge 
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criticism from the City Government; however, Mayor Newsom in August 2007 said that the critics "are 
unrealistic about the city's ability to run its own system". 
The offering of free or low cost WiFi to bridge the digital divide for political reasons is prevalent in US 
cities. In August 2007 Mayor Newsom also accused his critics of "unnecessarily delaying an agreement 
that would help bridge the digital divide between those who can afford personal computing equipment 
and online services and those who can't". In the US, in contrast to Europe, the availability of broadband 
over cable and digital subscriber line (DSL) is far more limited in rural areas and dispersed suburban 
communities, and can be expensive. The problems of cost and availability have encouraged many US 
cities, and motivated Corpus Christi in particular, to offer their own managed or public private 
partnership operated networks as a solution to the digital divide. 
Technological System and User Value: Initial capital equipment costs reported by Scott were relatively 
low - typically 35 nodes per square kilometre at $l,200-$2,500 per node, making this an attractive 
option and a politically expedient one. However, delivering the quality users expect when they sign up 
to a service, in terms of reaching a few metres into buildings, reaching above the fourth of fifth floors, 
and penetrating trees that are in leaf for part of the year, and are still growing, is challenging, as 
demonstrated by several of our case studies and especially the case of Corpus Christi. Managing a 
network where some users take most of the available bandwidth downloading large media files, while 
others try to use the same node for a VOIP call and the resulting holes and inconsistency in coverage, 
produce the frustration voiced in online forums. 
In summary, the case of Corpus Christi is illustrative of the desire of a city to transform its public 
services and the importance of finding a killer application to become the basis for creating commercial 
sustainability. In terms of the governance aspect of CCS, we see the importance of recognising the 
limits of the capabilities within the City Authorities and the need to identify an appropriate partner and 
a public private partnership model. In terms of user value and the capacity of the technological system 
to meet the industry standards for established technologies such as ADSL, we see the importance of 
realistic expectations about the quality of the service based in the capability of the technology, and the 
importance of not over promoting it. The technological system and its deployment can be understood in 
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terms of a Hughesian model. However, the challenges it faced demonstrate the need to find not only a 
technologically oriented partner, but a techno-financer able to rescue the sunk investment and deliver a 
modest level of value. The application of the CCS framework highlights missing components in the 
system. 
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4.3 Case Study: The Shoreditch Trust and Digital Bridge 
Context 
The Shoreditch Trust and Digital Bridge are based in the Borough of Hackney in East London. The 
initiative for a community broadband solution focused on the district of Shoreditch. It is an 
economically, culturally and ethnically diverse community, with high levels of deprivation including 
child poverty and unemployment in parts of the district. The case study investigates the Digital Bridge 
organisation which was the vehicle for the delivery of this initiative. It describes how Digital Bridge 
engaged with the community to plan and prioritise services, and the nature of the platform and 
technology solution selected that best exploited the existing infrastructure assets and capabilities of the 
community. It addresses the technical and commercial sustainability challenges that emerged as the 
project developed and the business model and organisational structure that had to be adapted. It 
highlights the importance of delivering a solution that is accessible to all sections of the community 
including those with limited or no IT skills; the role of the community in ensuring content that both 
meets its needs and is compelling; the importance of transforming services not just making existing 
ones available over the internet; and the problems involved in a local authority and public sector 
organisation delivering a financially sustainable model. 
Objectives 
At the beginning of 2005, under the UK New Deal for Communities initiative the Shoreditch Trust 
formed a social enterprise called Digital Bridge. The goal of Digital Bridge was to create Europe's 
largest active broadband community. It initially planned to operate a high speed network capable of 
delivering online services to residents and businesses to create the largest ICT literate broadband 
community in Europe, covering more than 20,000 residents and over 1,000 businesses. The initial New 
Deal for Communities funding was complemented in the third quarter of 2005 by EU funding under 
Objective 2, Priority 1, Building Local Community Capacity. It was paid in two tranches. The initial 
Internet Protocol TV (IPTV) and residential services were funded under Priority 1.1 Creative 
Community Capacity Building and the second tranche was under Priority 1.2 to support new enterprises 
in deprived communities. The project began delivering services on a pilot basis in March 2006, and 
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was officially launched in June 2006. Total UK and EU funding was just under £6 million; but only 
about half of this has been drawn down as the small business portal strategy was still under review. 
Technological Systems Strategy 
Technology Platform: The Digital Bridge pilot delivered a range of interactive local services via TV 
that addressed residents' priorities: tackling crime; improving liveability; and empowering 
neighbourhood choice. Services were delivered over existing cable TV and DSL broadband services 
and accessed via a TV set top box or a computer. Approximately 70% of the households in the 
community have cable TV - Sky or Homechoice or a digital TV connection using Freeview. This 
reduced the upfront expense of deploying a new network infrastructure, allowing Digital Bridge to 
focus on development of the platform and the value added services and content for clients. Using a TV 
and set top box also obviated the up-front deployment and support associated with a PC based 
platform. 
Applications and Services: The network delivered a range of services to residents and businesses that 
were identified through extensive focus group and market research. For households the services 
included: 
» entertainment e.g. digital TV, video on demand, network games, music file sharing; 
» welfare to work e.g. online NVQ (Non-Vocational Qualification) courses, basic skills, English as 
a Second Language courses, local jobs website; 
• consumer e.g. local 'e-bay' and 'Loot' services, online group purchase of utilities, damage 
reporting to the local authority, approved list of personal service suppliers such as childcare, 
plumbers, carpenters, etc.; 
" security e.g. online webcam CCTV across the estates that can be monitored by residents from 
their homes, via the network; 
• community information e.g. GP surgeiy opening times, GP appointment bookings, benefits 
entitlements; 
• communications e.g. free local phone calls, e-mail, PC applications such as MS Office and 
internet explorer, community chat rooms, community voting. 
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Following the initial pilot for homes, Digital Bridge planned to offer services to businesses, particularly 
small and medium sized enterprises (SMEs). These services included: 
» managed services e.g. latest versions of MS Office, Sage, specialist software needed by 
knowledge economy enterprises, backup facilities on network drive; 
« security e.g. Online webcam CCTV, monitoring premises and surrounding areas, that can be 
viewed by SMEs over the network. Panic buttons and security systems, enabled by the high speed 
connection; 
" business support e.g. award winning online support packages developed by London Metropolitan 
University New Media Lab, online premises matching services, online loan finance through an 
SME loan development fund; 
" business services e.g. approved lists of service suppliers such as accountants, legal services, 
human resources, etc.; online group buying of common services such as utilities, online sector 
forums and networking areas. 
Enhancing Social Capital: Cohesion and community engagement: James Morris, the CEO of Digital 
Bridge, explained in interview (2007) that a general culture of engagement with community activity is 
needed for residents to be in a position to positively use devolved power. Without this basic level of 
interest, there is the potential for local structures to be hijacked by pressure groups. The purpose of 
Video on Demand was to find an appropriate medium which could reach out to the community and 
help generate this mass engagement, driving interest in services through content that tackled issues 
prioritised by the community. 
The Shoreditch Trust and Digital Bridge aimed to keep residents well informed about the areas where 
they could exercise choice. It was recognised that the numbers of choices open to residents had 
increased significantly and that there was a danger of information overload. Too often public service 
providers broadcast large amounts of data, which whilst manageable in the context of supplying a 
single service, become unmanageable for residents accessing many different services. The Video on 
Demand and interactive TV services would enable visual rather than text information and be targeted at 
street level and at sub-groups within the community e.g. single mothers, new arrivals to the country. 
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The Trust explained that its own research showed that the extent to which residents actually exercise 
their ability to make choices is often dependent on the ease of action. Visits to offices or spending large 
amounts of time on the phone to call centres are major barriers. The capacity to engage in smaller 
iterative choices, such as responding to a polling question (e.g. on perceptions of local anti-social 
behaviour) is limited by the scope of provider surveys and consultation. By enabling interaction 
through the TV, timetabling constraints requiring residents to be in a certain place and/or on the phone 
at a certain time are removed. The geographic constraints of having to visit offices could similarly be 
removed while the opportunities for online and video based communication could mitigate potential 
support issues. 
Governance and Community Involvement: A fundamental component of the Digital Bridge approach 
was to reach out and engage the community in determining the services that would be offered, and to 
ensure the mode of delivery. The choice was to use interactive TV and a highly intuitive TV style 
portal that would provide access: such a model was in line with the local community's needs and 
capabilities. As a result of the consultation exercise which was ongoing, responding to needs as they 
evolved, the residents of Shoreditch identified a set of issues that they wanted the service to address. 
These were tackled not through provision of a PC and a community portal, but via a highly integrated 
package of interactive TV services linked to the available Freeview and subscription cable services. 
These were in wide use in the district while computer usage was low: estimated at less than 30% of 
homes had PCs and only about 20% of homes had broadband access at the time of the case study. IT 
usage and literacy were also at a very low level, therefore it was decided to use ultra-local Video on 
Demand and web-like interactivity using digital TV. These services were offered across a range of 
themed 'public service' channels - health, money, crime. The vision for the new tool was not just to 
inform, but to encourage greater community engagement with public services and deliver 
neighbourhood empowerment. 
Achievements and Challenges 
Actual Deployment'. In March 2006 the pilot was launched on one housing estate, prior to a 
neighbourhood roll out and then fiill borough roll out. The initial pilot was more limited than initially 
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planned and addressed the residential user only. The pilot included three channels as show in Figure 
4.3.1 which is a screen shot from actual portal: 
. 
Figure 4.3.1 Shoreditch Digital Bridge TV Portal 
" Crime - the Community Camera network allows people to monitor public spaces, reducing fear of 
crime and increasing community vigilance, and the accompanying interactive 'Respect' map 
means residents can let the council and the police know where action is needed, and track 
progress. Video on Demand features give regular updates from the local police about what they 
are doing to tackle crime and about special local police operations. 
• Money - a full Benefits Calculator to help residents claim their full benefits and credits 
entitlements. When the Shoreditch Trust Benefits Advisers did a check with local residents, the 
average increase in household income since introduction of this service was over £400 a year. 
Video on Demand features such as Money Makeover demonstrate the gains for local people from 
effective budgeting and smart shopping whilst online price comparison services deliver a step 
change in consumer information for residents. 
• Local - an interactive 'What 's On' map tells residents what is happening in Shoreditch, covering 
everything from local football matches to courses and community events. Video on Demand 
features highlight the returns from involvement in local activities whilst online polling and 
streaming are used for live Question Time sessions, giving the community the opportunity for 
regular dialogue with local councillors and representatives of the organisations that deliver their 
local public services. 
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In addition, households were given access to a 'Computer on T V service and a digital TV package. 
Computer on TV transformed the TV screen into a standard PC desktop, enabling residents to access 
packages such as Microsoft Office (e.g. Word, Excel etc.), e-mail and internet. This gave residents 
without PCs, the opportunity to access PC services without significant capital outlay. The digital TV 
package enabled residents to access Sky TV and subscription channels as well as the new public 
service channels, without the need for multiple boxes 
Integration of the Interactive Digital TV: Front end and service delivery: An important consideration 
for achieving high audience share and growing the subscriber base is having strong production values 
for the Video on Demand pieces. The UK Independent Television News (ITN) organisation became a 
partner in Digital Bridge and generated weekly flagship Video on Demand pieces. Morris explained in 
interview, "We need to ensure that the quality is consistent with the production quality on other news 
programmes, ... this is not like home video. We don't believe we can attract and keep users, gain 
sponsors, and generate subscriptions without high quality professional output" (Interview, 2007). He 
added that having a highly professional front end that engages the community is of little value unless 
the service that lies behind it is transformed: "If the delivery of the service is poor, or cannot manage 
the increased demands generated by the greater level of community engagement, then the whole 
programme is counter productive" 
Users were able to view high quality video material generated by ITN, 'on demand', and interact with a 
range of services through an easy to use portal. For example, a video about a raid on a "crack house" 
might be followed by a short interview with the local police officer leading the investigation, and 
asking viewers to give information about graffiti or vandalised cars, which might provide clues to 
associated crimes. Viewers could respond directly through their TV and set top box, and would receive 
an acknowledgement telling them how their information would be followed up, e.g. an abandoned car 
being removed, or the graffiti cleaned off a wall, or suspicious behaviour investigated. The particular 
agency involved would receive an electronic alert and the details, and the person providing the 
information would be given a date when follow up actions would be completed. The success of Digital 
Bridge lay in its compelling video content and the easy to use user interface, rapid and personalised 
follow up, and a re-engineered process for service delivery. 
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Figure 4.3.2 TV showing Computer on TV application 
Consistent with the CCS framework Digital Bridge integrated applications with service delivery and 
delivered user value that addressed issues relating to social capital, and within a governance model that 
involved users in the selection and prioritisation of content. 
The portal allowed users to bring up a web browser and turn their TV effectively into a PC as shown in 
Figure 4.3.2: A full suite of Microsoft Office products was available using the TV and the set top box, 
a modified Free-view style unit, acted as a 'thin client'. In effect the application software could be run 
centrally on Digital Bridge's IT infrastructure which reduced the level of user support required, and 
made it easier to use than a PC. 
Governance and Political Engagement: The Shoreditch Trust and Digital Bridge believed it was 
important to gain the highest level support for the programme from local and central government. Their 
endorsements would be important for resolving institutional or bureaucratic problems, for accessing 
additional funding, and for promoting the service to residential users and to firms and other institutions, 
such as the police or social services who might provide content and services. Support was received the 
highest levels including the Prime Minister and Chancellor of the Exchequer. 
"Digital Bridge is an immensely important project...It will allow people to report graffiti 
online... It's going to be fantastic for people and I think it is a really exciting project. And if it 
works as well as we hope then we can see that project extending in many different parts of the 
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country". Rt Hon. Tony Blair MP, Prime Minister (May 2006) 
"We are interested in how local authorities...use the internet and web to allow people 
to.. .receive services. I have looked at Shoreditch.. .at the Digital Bridge that allows police to 
alert residents as events happen, and residents to alert them about abandoned cars, about 
graffiti, about vandalism. Rt Hon. Gordon Brown" MP, Chancellor of the Exchequer (June 
2006) 
By the end of 2006 Digital Bridge was nearing completion of its pilot phase and had met the criteria 
established at its launch. Customer demand had significantly exceeded the initial target of 200, with 
over 800 requests for the service. A survey of the 200 initial subscribers was undertaken jointly with 
Digital Bridge during the period of fieldwork for this research, in June and July 2006. The survey 
indicated that there had been a step change increase in the delivery of public service outputs in the pilot 
area. 
The highlights are listed below and details of the survey and focus groups are contained in Appendix B. 
» Usage-. Audience share for the Video on Demand and Community Camera TV network was on a 
par with flagship broadcast TV such as the soap opera EastEnders. The viewing figures for these 
flagship programmes was 35 % of the subscribers with EastEnders gaining 38 % of the viewing 
audience 
" Community Perceptions'. Residents' perceptions about how well informed they were about what 
was being done to tackle local problems had increased fourfold whilst the closed circuit TV 
cameras (CCTV) at main intersections and busy locations in Shoreditch had delivered new levels 
of community vigilance. Over 70 % of users voted in polling on their perceptions of local 
services. 
* Social Engagement. Reporting and clearance of incidents of Anti-Social Behaviour (ASB) such 
as graffiti, fly-posting, fly-tipping, etc. through the Respect Map, had increased by two to six fold 
whilst 48 % of subscribers had used the map application to report ASB and other "liveability" 
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issues such as dog fouling and broken street lighting. Before Digital Bridge, this figure was just 8 
%. 
» Digital Divide: The Computer on TV was being used daily by 60% of subscribers who had had 
post-connection training with average usage time per session of over 40 minutes. 
« Security and Crime: The most popular application was live streaming from TV quality CCTV 
with; more than 70 % of users accessing this application. There was regular use of the local 
webcam network. 
« Cost Effectiveness: Delivery of these outputs through an online medium meant that, for the pilot, 
the output to cost ratio was an improvement over face to face and telephone delivery of services 
of more than 30 %. 
Actors 
Digital Bridge is a social enterprise created by the Shoreditch Trust which is part of the London 
Borough of Hackney. Using seed funding, it operated as a not for profit business, but as EU structural 
funding and central government funds were exhausted, local government funds were needed and a 
round of private sector fund raising. During the fourth quarter of 2006, the Shoreditch Trust engaged in 
a budgeting round with Hackney Borough Council to seek additional funding for Digital Bridge. The 
New Deal for the Communities funding and the EU funds were dedicated to development of the 
platform and pilot deployment but did not cover operations and content requirements, or any of the 
additional costs associated with the roll out across 22,000 homes. The business model was based on 
subscriptions and revenue from selling the service to other local authorities. A number of authorities 
were interested, including Islington, Newcastle and Norfolk in the UK, and Barcelona in Spain. This 
revenue generation would be complemented by savings made on the communications costs of other 
local authority departments. However the income from selling the services was limited as the sale cycle 
was long and only limited trials had been secured from other local authorities. The income from 
subscriptions was uncertain and it was clear that a long trial period would be required to ensure that 
people were sufficiently convinced about the value of the service to pay a subscription fee. Finally, 
reducing the costs for other departments and functions in Hackney was difficult when the initial 
deployment was limited in scale; this meant any savings in communications costs would be similarly 
limited or even non-existent. 
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The funding review, correspondence between the CFO and CEO of the Shoreditch Trust and the Mayor 
of Hackney, and subsequent meetings continued over a period of six months, until April 2006. During 
this period the roll out to the entire neighbourhood was shelved. There was almost half of the £6 
million EU funding still available, but it had been designated for the development of a business portal 
under the Priority 1.3 enterprise initiative. It could not be used to cover the running costs of the Digital 
Bridge, support and operations of the existing unit and its IT hosting vendor. The size of the Digital 
Bridge team was cut and all expenses were reduced to a minimum in order to maintain the existing 
pilot; new content was limited as it constituted a significant part of the expenses. The CEO, James 
Morris, made efforts to find a private sector partner to take on Digital Bridge, and also tried to identify 
other local authorities that might become sources of income. 
In May 2007 a potential buyer was identified and a proposal was prepared for the existing assets of 
Digital Bridge to be transferred, including the name, the resources and novate the contracts with the 
EU, and for the establishment of a revenue sharing relationship. Just before the transaction was due to 
be completed two more buyers came forward. Shoreditch Trust was under a legal obligation to get the 
best possible return on the sale of these public assets and launched a round of sealed bids to be 
submitted at the end of May 2007. 
Imperial College participated in the evaluation of the bids, providing an assessment against 14 agreed 
criteria. An award was made in July 2007 and the name of Digital Bridge, its intellectual property, 
vendor and supplier contracts were transferred to a privately owned media group that had several media 
clients in the public sector and good media production and digital media technology capabilities. One 
former Digital Bridge employee - the CEO - transferred to the new firm, which plans to develop the 
business with new investment, a new technology platform, and new services. 
Lessons and Contribution 
Applications and Services and Integration with the Technology Platform: The ,Digital Bridge case 
study is the most significant innovation in terms of the services offered to its users, their scope and 
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delivery medium. Moving to an digital TV base and exploiting the existing cable network 
infrastructure, enabled Digital Bridge to devote most of its funding to the delivery of new services and 
content rather than a network infrastructure. The EU funding that Shoreditch received was substantial 
and flmding of this scale was not evident in other case study cities. The impact of this funding is 
reflected in the ability of the project to innovate and deliver content with high quality production 
values, similar to network TV stations, and via an advanced user interface. 
Governance: End-users played a substantial role in selecting the type of content that would be offered, 
the design of the services and even the production of the content. This ensured a sense of shared 
ownership - the service belonged to the users - and meant that the content was very relevant to the 
local community. This would seem to be a recipe for success, but a number of issues arose in terms of 
capabilities at the organisational level within Digital Bridge and its relationship with the local authority 
of Hackney; the lack of a sustainable business model - the structural funds were designated for the 
production of a deliverable at the end of the funding period; and the need to transform the end to end 
delivery of the public services that users were being encouraged to exploit. Without such a 
transformation, the growth in demand for services such as those tackling anti-social behaviour, 
including graffiti and rubbish removal, could result in a reduction not an increase in service quality. 
The plan to extend the service to 22,000 homes, despite the promising feedback from the initial pilot 
and support from the Prime Minister and Chancellor of the Exchequer, was shelved as it could not be 
financed within the local authority spending budget. The effort to persuade other departments to buy 
into the project and exploit the service and share the budget, failed since any savings were dependent 
on a systems transformation, and although Digital Bridge had been set up as a special purpose vehicle, 
was owned by the local authority and was a limited company, it did not have a sustainable business 
model. It tried to attract funding from other city authorities who were initially keen to license the 
system and engage Digital Bridge as a service provider to get their own municipal broadband networks 
operational, but this did not produce revenue quickly enough as sales cycles were long. Shoreditch 
therefore decided to sell Digital Bridge to a firm that could exploit its assets and complement them with 
additional resources and capabilities, and offer the service to Shoreditch and other local authorities that 
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had signalled interest. Digital Bridge was sold to the Two Four Group in September 2007 and at the 
end of 2007 the pilot was terminated. 
A Systemic Failure: The challenges facing Digital Bridge were systemic. Its sponsoring organisation 
lacked the capabilities and resources , and the spin out firm, Digital Bridge was resourced and funded 
to deliver a project not to run a sustainable service. The solution required a systems approach and while 
parts of the system, especially the community, were deeply engaged and had "bought in" to the service, 
other key stakeholders expressed enthusiasm but did not make a contribution. 
The Digital Bridge experience fits with the Hughesian seamless web or at least the heterogeneous 
network view proposed by Constant (1987) which combines its social, technical and economic 
components. CCS provides a more integrated view at city or district level, which considers the role of 
key actors in delivering an integrated system. Unless all parties are motivated and gain from being part 
of the system it will break down. In the case of Digital Bridge, a vital component for sustainability was 
the delivery of benefits to several local authority functions to gain their budgetary buy-in. However, 
these other departments needed to re-engineer their services to realise those benefits. Therefore, while 
on one level this is a success story consistent with the framing of CCS in terms of the governance, 
requirements for compelling applications and services, the fit of the technological platform with the 
spatial characteristics and existing infrastructure of the district, deep end-user engagement especially in 
deployment, there were also failures in terms of organisational capabilities and systems sustainability 
which resulted in the demise of the pilot. Digital Bridge is now part of the Two Four Group and the 
complementary capabilities of the new owners address several of the problems highlighted here; Two 
Four is relaunching Digital Bridge as a service provider for community broadband services both in the 
UK and internationally. 
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4.4 Case Study: City of London and the Financial District of 
Canary Wharf 
This case study is in two parts, the first part addresses the municipal wireless initiatives in the City of 
London and in the second part I compare and contrast this with the wireless initiatives at the much 
newer financial district of Canary Wharf. 
Context: City of London 
The City of London, also known as the Square Mile, covers just over 1.1 square miles or 315 hectares 
of London, and is Europe's leading financial centre. It accommodates approximately 350,000 jobs but 
has only 9,000 residents. It is extraordinarily dense with over 7 million m^ of office space, and is a truly 
global district, trading $753bn foreign exchange daily (31% global share), and handling 43% of the 
global foreign equity market. It is home to over 264 foreign banks. To attract and retain international 
firms it is imperative that the City offers the finest amenities that help to improve the operational 
effectiveness of the business community. The Corporation of London is the equivalent of the local 
authority for the City. It sought to provide an umbrella wireless internet access to enable the highly 
mobile financial service community to have the latest information at all times, anywhere, in an industry 
where every second counts. 
This case study focuses particularly on the relationship between the actors, governance, issues 
associated with spatial integration, the nature of the applications and services exploited by users. It also 
reviews the role of the technological infrastructure's pervasive coverage for attracting new firms and 
retaining the City of London's competitiveness as a global hub for financial services firms. The case 
study addresses the perceived value for both firms and individual users from the exploitation of these 
technologies. 
Objectives 
The goal of deploying a ubiquitous wireless internet network was described in an interview by Simon 
McGinn, City Surveyors Office, Corporation of London (2006) "The City of London has always 
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thrived on communication and in the 21st it needs the best in communications technology to maintain 
its competitiveness".(Interview, 2006) 
In 2005 the Corporation of London saw an opportunity that they believed WiFi technologies could 
offer the business community. They had seen examples of other cities and business districts, notably 
Canary Wharf in London, that had deployed this technological infrastructure and did not want to be 
left behind. Their key requirement was to ensure that the City's business community and visitors, had 
world class communication capabilities. They did not want to risk ceding their position as a global city 
for financial services by not offering the amenities that would attract new business and retain existing 
international firms and the highly skilled international work force that supported them. Applications to 
support the City's own work force or to enhance the delivery of community services were considered 
of modest potential added value. The priority was to support the hundreds of thousands of people 
working in the City. In late summer 2005, Cloud Networks was selected as the Corporation of 
London's partner to design, build and operate the network, under a public private partnership. Simon 
McGinn said that: "In the City, every second counts and being able to have access in real time to 
rapidly changing data from anywhere, anytime is the difference between success and failure" 
(Interview, 2006). 
The interviews I undertook with members of the management team responsible for the service and 
users provided me with insights into some of the key requirements to fulfil these objectives. It was 
crucial that the network would be open, neutral and available across the whole city area, which bearing 
in mind the density and twisting streets of the original medieval layout, was quite challenging. 
"A series of hot spots was not an option. The city is highly mobile in nature; face to face 
meetings are essential, whether in one another's offices or neutral venues and the business 
community needs consistent and continuous access to information with applications such 
as voice over IP, continuous communication is essential and there can be no dead spots". 
Stephen Bage, City Surveyors Office (Interview, 2006) 
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Steven Bage added that key business users were canvassed: they welcomed the initiative and stressed 
that no compromises should be made with regard to security, performance, coverage and top quality 
management. 
Actors 
The Chief Officers and Members of the Corporation of London needed to be convinced as they 
perceived the new technologies as unproven, risky and because of the visibility of the City of London 
failure was not an option. During 2005 the need for a network became more obvious as more and more 
cities were initiating networks. Establishing a WiFi network had become essential. The launch of the 
Wireless Network in Canary Wharf was an important milestone as it demonstrated the enhanced 
amenities being offered to firms which implied a level of competition for new firms relocating to 
London which might prefer Canary Wharf to the City of London. 
McGinn outlined the key criteria for selecting a partner and determining the design point for the 
network. These were rapid deployment, openness, robustness, mobility, adaptability, expertise, ability 
to trial and enhance new services, and access to new and continuously evolving technologies. 
The relationship with the partner had to reflect the enormous value and prestige of the City, as well as 
the business opportunity of delivering services to the largest and most dense international financial 
services community in the world. The Corporation of London's CIO was peripheral to the project as 
the network did not impinge upon the City's own administrative or operational IT systems. The project 
was led from the City Surveyor's Office. The Corporation of London selected Cloud Networks and in 
exchange for initially five years exclusive rights of way on the city's street infrastructure, Cloud 
Networks agreed to design, deploy, own and operate the network. Cloud Networks was encouraged to 
facilitate and project manage the entire deployment including working with key content and service 
partners to bring added value to the business community. There was intense competition from BT, but 
Cloud Networks was preferred because of its open approach to the network, its neutral stance with 
other service providers and operators, the existing partnership relationships with firms such as 
Vodafone, T-Mobile, Vonage, Skype and its responsiveness compared to the UK's incumbent operator. 
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Technological Systems Strategy 
Deployment became more complex than expected as both parties gained a better understanding of the 
real requirements and constraints of the project. Ensuring close to 95% coverage required different 
technology from what originally was planned and Bel Air was selected as the technology provider. It 
was able to match the Corporation's requirements and over 135 of its multidirectional dual radio nodes 
are currently deployed. Using a mesh approach it was able to reduce the number of connections for 
back haul to just six. It was also discovered that some of the 800 items of powered street furniture did 
not exist, were not tall enough, were not in the coordinates provided, or were corroded or were not 
owned and controlled by the Corporation. Only about half were viable locations for nodes. The added 
complexity and increased investment entailed, caused the Corporation to agree to extend the period of 
exclusivity beyond the initial five year period. Importantly the relationship between Cloud Networks 
and the Corporation was strong and open and as problems emerged the parties were able to find ways 
to address them efficiently. The new service went live at the end of the first quarter 2007. 
The Corporation of London has always sought to provide exemplary services to the business 
community, and to ensure that the City continues to attract and retain the world's most successful 
international financial services companies. It viewed the WiFi network as being an essential amenity 
for those companies to operate effectively. However, it also opened up possibilities for the Corporation 
to enhance the delivery of its community services, according to Roger Marshal, CIO for the 
Corporation of London. Areas under consideration included CCTV for surveillance, traffic 
management and parking enforcement, and provision of wireless access to Bart's Hospital, and to the 
social housing managed by the Corporation of London. (Interview, 2006) 
At the end of April 2007 the City of London's WiFi service went live and over 5,000 people registered 
for the service during the first 30 days of operation. Cloud Networks invited me to undertake a survey 
of these first users to understand how they used the service, the benefits they perceived, and their 
overall satisfaction. The survey was administered between 11 and 16 May 2007, about three weeks into 
the trial period. The survey was administered online and received 393 respondents from a total of 1,485 
subscribers. Forty % of respondents described themselves as managers or senior executives, 35% as 
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professionals or consultants and 16% as technical specialists. Financial services, business services and 
ICT were the primary sectors represented. 
Summary of Survey Findings 
Usage Some 21% of respondents used the network at least once a day. Usage differed by sector with 
the ICT sector being the highest. The predominant way of accessing the network was via lap top 
computer with 76.3% connecting this way some, most, or all of the time, the next most used device 
with 22.5%, was via a phone with a WiPi capability such as the Nokia N95, followed by a PDA with 
18.3% and tablet PCs representing just under 4%. The most important tasks were email and diary 
information, followed by searching on the web, getting travel and timetable information, instant 
messaging and VOIP. While usage levels of TV, gaming and music applications were low, it was 
expected that this would increase based on the profile of new devices being released into the market. 
The survey indicated that the most frequent use locations were public spaces followed by others' 
offices and the atria of buildings. This suggests a work pattern that exploits time that might otherwise 
have been unproductive, a distributed work pattern and a pattern that involves collaboration with others 
in neutral or alternate locations. This highlights the importance of the timeliness of critical data in any 
location. For instance, the high utilisation of email was often associated with ensuring last minute 
amendments to documents or presentations to support meeting, delivered as email attachments. Users 
reported receiving documents and working from their cars, taxis or trains and railway station before 
meetings. 
Impact on Productivity. One of the key findings from the survey was the perceived productivity 
improvements. 64.8% of respondents indicated improved productivity, and 51% indicated that the 
quality of their work had improved. They also reported enhanced quality of life - 65.7% - and 68.6% 
declared "always feeling connected and on call". Only 6.7% or respondents said that their personal 
time had reduced to a great or very great extent. Users were asked to translate productivity gains into 
the number of additional hours of productive work they might gain each week. 62% of respondents 
estimated productivity gains averaging between one to two hours per week. The groups reporting the 
highest productivity gains were managers and senior executives with almost 45% reporting gains of 
142 
one or two hours per week and 8% reporting five or more hours. 
The survey asked where these productivity gains came from. Responses included; having "critical 
information at my fingertips", "the ability to work from anywhere, anytime" including from clients' 
premises, "making productive time that otherwise would be wasted" and being able to "spontaneously 
connect and capture ideas". They also ranked Voice over IP (VOIP) as bringing substantial value. 
Impact on the City's Attractiveness: The survey asked how users thought the service might improve the 
attractiveness of the City for skilled workers and firms. They were asked about their attitude to working 
in a city without this amenity. 81.5% believed a city with this service would attract more firms, 86.9% 
said it would attract more skilled workers, and 63% agreed that having experienced the amenity they 
would not want to work in a city that did not provide it. 82.9% agreed that to some, a great or a very 
great extent a city without this service would be less attractive as a work location. 
Overall Satisfaction with the Service: 76% of users indicated the service was satisfactory, good or 
excellent. This varied by community. For instance, respondents using it once or more per day, indicated 
an 84.8% satisfaction. The ICT community reported 84.1% satisfaction while the Financial Services 
Sector registered 71.3%. This lower level of satisfaction appears to be linked primarily to differences in 
usage rates: the ICT sector has higher connection frequency and this is correlated with higher user 
satisfaction. 
The range of devices, access, speed and ease of connection were all rated as contributing significantly 
to satisfaction and, although the service was new, performance was perceived as good although clearly 
some aspects of coverage needed to be fine tuned. Some problems related to coverage may have been 
due to users trying to connect from high buildings or fi-om deep within buildings where the WiFi 
network did not penetrate. Users reporting coverage problems were 50% more likely to be trying to 
connect to the internet from other people's offices. 
Willingness to Pay for the Service: Almost half of respondents said they were undecided about 
payment, and this varied by sector. 20.3% stated they were likely or very likely to take out a 
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subscription. The analysis shows that higher levels of usage are correlated with a greater willingness to 
continue with a fee paying service. This suggests that offering corporate contracts to enable familiarity 
with the service or offering a longer trial period may help to increase the numbers willing to pay for the 
service. The 30 day free trial may not have been long enough for users to appreciate the benefits and 
make them willing to pay for the service. When asked why they would not continue with the service, 
the main reasons were price and coverage. 29% considered it too expensive, 28% cited lack of 
coverage, and 16 % gave speed and general performance as the reason. Only 4% cited lack of value. 
The preferred method of payment is a flat fee subscription, with 27% of respondents opting for this; 
however, there was also quite strong support for its integration with other services e.g. broadband, 
mobile or VPN subscriptions with 21% opting for this. For relatively infrequent users, they prefer to 
pay only for the time used - favouring a pay as you go service. This was supported by the relatively 
small numbers who used the service every day. 
The initial findings fi-om the survey indicate that users had a high level of satisfaction, and that higher 
usage frequency correlated with higher satisfaction. Based on the nature of the usage and the benefits 
reported, I would expect satisfaction to grow and this appears to be a self reinforcing cycle. However 
the initial uptake of the service in terms of usage, and the willingness to pay a subscription was low. 
Increasing service adoption is likely to depend on an extended free trial period or the negotiation of 
corporate contracts to give users free access until the service becomes broadly adopted and usage 
becomes institutionalised. The perceived productivity gains in terms of scale and numbers and scope of 
users reporting them, were very positive. The source of these gains was making productive otherwise 
wasted time, availability of critical information at all times, and the ability to capture creative ideas 
instantly for later use. This supports the view that the perceived gains may be realised in practice. 
The survey also provides credence to the view that a city without this capability will be disadvantaged, 
not only in terms of attracting firms and skills, but also in personal terms for the individuals who used 
the service. 
Four months after the survey, in August 2007, subscriber numbers and revenue were reviewed with 
Cloud Networks. As expected, the number of subscribers who continued after the trial period had fallen 
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and was around 10-15% of those who had participated in the trial. There are 138 nodes across the City 
of London and the average revenue per node at that time of the survey was around €40 per month, 
much lower than a similar service offered in central Amsterdam. The number of subscribers was 
initially disappointing and Ben van Dongen, the Managing Director of the Cloud Networks commented 
that this was due to lack of sustained end user marketing. (Interview, 2007) 
Lessons Learnt and Contribution 
Governance: The Corporation of London was motivated to deploy a service in order to maintain the 
City of London as one of the world's leading financial services hubs. It recognised that it needed to 
enhance the amenities of the City, with a communications infrastructure appropriate for a 21st century 
global financial centre. It recognised also that the technology and value from its deployment were not 
fully proven and that it did not have the capabilities to deploy or operate a network. It opted therefore 
for a public private partnership model which provided rights of way to public property, and allowed for 
the revenue generated to be shared. It was considered the most effective way forward. The 
development was somewhat similar to that which occurred at the end of the 19* century in the London 
Boroughs with the deployment of an electricity network based on a similar model. Here we see the 
transfer of technology and systems growth phases of the LTS model in action, and a Corporation that 
was a fast follower in terms of adoption and diffusion of innovation theory -seeking a more packaged, 
mass customised solution rather than being the innovator. 
For Cloud Networks, this was its largest and most prestigious deployment and it caused several 
problems related, for example, to the narrow streets in the district. They were able to deploy far fewer 
nodes than originally planned. Also, the power availability and condition of much of the street 
furniture, and the complexity of working with other City of London partners such as EOF, which 
controlled the power to the lamp posts were problematic. This increased the costs of overcoming the 
reverse salients described in the LTS model. Cloud Networks had to restructure its finance, which 
perhaps accounts for the initial flurry of marketing activity not being sustained as the network was 
installed. Edison, Insull and Merz, based on the introduction of electrical networks, would attest to the 
importance of continuous marketing to drive end-user demand for new infrastructure led services and 
to articulate their value. Adoption of the service was low in comparison with other cities in Cloud 
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Network's customer base, despite its reported benefits, and this appears to be down to poor marketing 
and effectiveness of channel distribution. This demonstrates the importance of extending the LTS 
model with the adoption and diffusion components included in the CCS framework and the need to 
take a more integrated approach to the consideration of value chains. 
Business and User Value: Where the service was taken up the benefits, especially in terms of 
productivity, are reported to be high. The financial services sector depends on high levels of trust and a 
combination of tacit and codified information collected in face to face meetings. Innovation in new 
services, structuring deals, mergers and acquisitions involves numerous face to face contacts and 
collaborative working among several firms. Providing an infrastructure that allows professionals and 
executives to meet in one another's offices, or in neutral, third party locations, and retain access to up 
to date, codified and confidential information which can be exploited alongside their tacit information, 
is a valuable service (Lever 2002, Von Hippel, 1994). Also the facility to utilise slack time - travelling 
between meetings, waiting for the next meeting, etc. - by enabling access to business applications and 
corporate data, is invaluable as shown by the survey, which showed that 82. % or respondents 
considered that a city without these amenities would be less attractive as a work location. 
This case study underlines the relevance of the CCS framework with its focus on business and user 
value and the enhancement of social capital and its link to economic development policy, and spatial 
integration of the technological system, in this case the dense physical environment of the City of 
London. 
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Case Study Part 2: Canary Wharf 
Context 
Canary Wharf, in located in the East London and developed during the 1980s as the financial services 
sector in London grew and the geographic and planning constraints of the City of London limited 
London's capacity to maintain its position as a global financial sector. It is located to the east of the 
City of London and this location was selected as it was part of a major regeneration exercise in the 
former docklands area of the city. The area combines office, retail and leisure development as well as a 
combination of social housing and homes for professionals who work in Canary Wharf as well as the 
City of London. The transportation systems were upgraded with light rail, a new underground line and 
upgrading of the road links from both the east as well as from the centre of the city. During the last two 
decades Canary Wharf has developed is one of the most prestigious commercial centres in Europe. 
Around 80,000 people work there each day, mostly in the international financial services industries. 
The main office and retail complex at Canary Wharf is operated by a private company, the Canary 
Wharf Group (CWG). They operate an estate of over 24 major buildings, 5 shopping malls, and 2 
underground stations. CWG manages around 1.4 million square metres of office and retail space 
covering a total of 48 ha of Canary Wharf It is responsible for the provision of infrastructure 
including voice and data communication. CWG's strategy is to offer a totally integrated approach to the 
provision of data and voice communications to the international financial services clients that operate 
from Canary Wharf. The group need to ensure effective broadband and mobile phone coverage across 
the estate, and work with data network partners such as BT, Cable and Wireless, WorldCom, Colt, 
NTL and others, to deliver hi-speed, secure data and voice services essential to the international 
financial services community. In 2005 CWG decided to extend their voice, data and mobile cellular 
communications by adding a WiFi capability across the estate. 
Objectives 
CWG's motivation at that time was described in an interview by Tony Partington, the CEO of the 
Canary Wharf Group: 
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"We want to make Canary Wharf a truly attractive place to live and work Canary Wharf 
is first and foremost an international business centre. Its roots are firmly in the finance 
industry. To attract international firms, means having facilities and infrastructure that are in 
line or exceed their expectations ... In the same way that a 5 star hotel does not seek to 
individually justify all of the amenities it supplies, we recognise that to give the customers an 
experience that matches or exceeds their expectations we need to offer a high level services 
and amenities. And that's why we've deployed this network". (Interview, 2006) 
Actors 
The commissioners of the system are the CWG. Within the group are individual companies responsible 
for property development, investment, as well as property or estate management. They outsource 
infrastructure services to a service provider network which in the case of voice and data 
communications are the major global telecommunications vendors. CWG also provide complementary 
services such as extending the mobile network provided by Vodafone or other cellular operators so that 
it works in their shopping malls, car parks and retail environments. They also ensure that all of their 
clients can gain access to a choice of data network and voice communications providers from their 
offices. They provide connections into the different service providers. Finally there are the business 
consumers who are their direct clients, renting space, leasing entire buildings or suites, or contracting 
with the group for facilities management. Then there are the indirect clients, the personal users and 
those who work within the city or visit its retail or leisure facilities. They key ICT service provider 
actors are NTL who provide the voice and data network connectivity into the office facilities and 
complement the mobile networks to ensure effective coverage across the Canary Wharf estate, and 
Cloud Networks who provide the wireless network. 
Technological Systems Strategy 
One of the most demanding requirements for the wireless network is security, as explained by the CTO 
of Cloud Networks, Niall Murphy in an interview (2006). CWG's tenants are, for the most part, 
financial services or professional services companies and Partington describes them as very security 
conscious. Few of their tenants have deployed WiFi networks inside their buildings, or are even 
concerned about the quality of 2G/3G mobile cellular connectivity within the buildings. These firms 
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want their work force focused on the task in hand not making potentially private calls or using either 
company assets or company time for any purpose other than their specific tasks. However, they 
consider that deploying a wireless network in the public space, atria, retail malls, and stations is crucial 
for their workforce when they working remotely, or meeting clients or partners in the cafes and 
restaurants. 
CWG worked with NTL to coordinate all the cellular mobile connectivity across the site and within 
buildings. With so many mobile phone operators they wanted one partner they could work with who 
knew all the cable runs, worked with their data network service providers, identified the need for 
additional antennae, boosters, etc and could deploy these discretely, sensitive to the appearance and 
aesthetics of the buildings and architecture of Canary Wharf Any external equipment to buildings, or 
equipment attached to lamp posts or other street furniture, has to be registered with the land registry 
and planning approvals are required. Canary Wharf has many tall buildings, and complex open spaces 
so CWG wanted a partner to manage the deployment of the wireless network in an environment where 
there is often little direct line of sight from one wireless node to another or to users. Deploying WiFi 
was a complex task and the Group decided it was beyond their direct capabilities and sought a service 
provider they could partner with to design and deploy an effective network. 
CWG was anxious about the commercial risk as well as the technological challenge of deploying the 
network. This is similar to the Corporation of London who sought a partner for similar reasons. The 
Group chose to issue an "expressions of interest" request to communications and technology firms to 
solicit not only the best technical and cost effective choice of network but also to find a partner with a 
business model that would minimise their commercial risk. CWG neither wanted to be, nor was in 
position, due to telecommunications licensing requirements to be a service provider themselves. CWG 
considered a business model where they could take a larger share of the potential in revenue stream in • 
exchange for reducing the initial costs of the physical infrastructure but finally decided that their role 
was to deliver the best building infrastructure rather than have a direct commercial interest in the 
telecommunications revenues. They therefore decided they wanted a service provider who would pay 
for all the capital assets, the network deployment and the promotion to users, in exchange for rights of 
way and access to their street furniture. This was similar to the commercial model that the City of 
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London would subsequently take. The service provider would charge individual end-users or business 
users on an hourly, daily or weekly tariff. Business users would also be able to subscribe to continuous 
access for their employees. CWG's key selection criteria for the service provider were experience that 
the partner could deploy, life cycle management, and partnership orientation, and in the spring 2005 
Cloud Networks Limited was selected. The technical deployment was similar to the City of London but 
with 120 WiFi nodes. The City of London is denser spatially, and its streets are narrower and less 
rectilinear than Canary Wharf. This meant that fewer nodes were required. The number of potential 
users is also less than the city of London. The network was operational within 7 months. When the 
service was first deployed, it provided internet access only. There were no additional application 
services by the Cloud Networks or other vendors, nor was there a business services portal, or consumer 
or residential services. 
Planned application extensions to the initial WiFi service 
CWG are planning however to enhance the service. Partington wants to enhance the service offered 
with Voice over IP (VoIP) and work with other service partners such as Vonage, Skype and others to 
deliver a range of voice based applications for business and residential users. They believe VoIP will 
be very attractive when "you can call using a flat rate service half way around the world from your 
laptop, wherever you are". CWG is not planning to use the network for its own applications nor to 
support their field force that undertakes maintenance, inspections and enhancements to the estate's 
infrastructure. Partington explained, "The problem is that in our sector people need to work with very 
large drawings and we don't think the devices can show the information in meaningful way to say 
support on-site maintenance. Remember we are property management and construction business not 
much else". (Interview, 2006) 
Lessons Learnt 
Partington explains one year after the deployment was complete, in an interview in September 2006 
that the service was well accepted and proving popular. He explained that "it helps to distinguish the 
brand of Canary Wharf versus other places to locate your firm, even if it's subconscious. Lots of 
people, employees come and visit Canary Wharf and they can influence a firm moving here if they 
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find it hard to do business in the place ... we always need to be one step ahead to draw people out from 
the City of London ... or compete with other cities around the world" (interview, 2006) 
Feedback from the Cloud and its CEO, Ben Van Dongen, indicated that the network was performing 
well both in terms of its technical performance as well as the commercial returns. They had decided to 
invest in deploying the network because of the global prestige of the district, and its high footfall, 
density and the characteristics of its working population would ensure good usage levels and a fast 
return on their investment. 
The Canary Wharf Group decided that it did not have the capabilities itself and so commissioned a 
partner as a service provider. There were many actors already involved as service providers, NTL, 
Cable and Wireless, BT and other voice and data network telecommunications operators, as well as 
mobile operators, and they needed a partner that could act as a neutral provider, working with all the 
other actors, and this was a crucial reason for their selection of Cloud Networks. Selection of one of the 
other actors within a competing service provider actor network could have impacted their relationship 
with the others, and they foresaw potential deployment challenges. Their tenants, the consumer actor 
network in CCS had very specific requirements in terms of security as well as coverage. The design of 
the network was shaped both by these requirements as well as the spatial conditions of the Canary 
Wharf The governance model within CCS, in terms of the alignment of this initiative with the 
economic development strategy to attract firms away from the City, as well as from other financial 
centres required the Canary Wharf Group to offer the "five star facilities" described by Partington 
earlier. The other aspect of governance is the nature of the public private partnership. In this case it is a 
private - private partnership, as Canary Wharf Group is not a public sector organisation but a private 
firm. However, like the Corporation of London, they wanted a private sector partner to manage the 
commercial and technical risks. However, unlike other cities in these case studies, including the City of 
London, they have little appetite or any plans to exploit the network for their own mobile workforce. 
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4.5 Case Study: Stuttgart City Region 
Context 
Stuttgart City Region was selected as a case study firstly because it was one of the earliest cities in 
Europe to deploy a municipal wireless network across an extensive area, starting in 2004, ahead of 
most other European cities. And secondly, on the basis of the challenges associated with governance, 
specifically public sector capabilities to deploy and manage the service, and the challenges of building 
user momentum and providing compelling application and services content that delivers value to 
business and individual users. These are three of the main components in the CCS framework. • 
The case study was undertaken over 10 months from November 2006 to September 2007 during which 
time the wireless network was extended from being a service provided uniquely to support the city 
employees, to one that provided a free portal for all citizens offering a range of basic services, 
complemented by full internet access in partnership with Cloud Networks Ltd., a UK based service 
provider that operates 8,500 hot spots across Europe. 
The Stuttgart Regional Economic Development Corporation (SREDC) supports the development and 
introduction of new technologies in enterprises and communities in its region, and especially in the 
field of technologies for mobility, integrated environment engineering, regenerative energies and new 
ICT. 
The Stuttgart city region consists of the city of Stuttgart and the counties of Boblingen, Esslingen, 
Goppingen, Ludwigsburg and Rems-Murr. The city corporation has a dedicated mobility group that 
focuses on the large automobile manufacturing firms in the region and the automotive industry supplier 
network, traffic management and intelligent transportation systems, and the delivery of the MobilCity 
Programme. 
Around 2.7 million people live in the region, which at the time of the fieldwork had the lowest rate of 
unemployment in Germany. The district has always been industrious, not only industrial and the local 
industries are knowledge intensive businesses. The SREDC and Dr Bemd Steinacher, Director of the 
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Verband Region Stuttgart, claim that 6% of the region's GDP is spent on R&D; it has a strong 
innovative base relying on R&D laboratories in advanced industrial firms including IBM, Daimler 
Benz and Porsche. Stuttgart hosted the 4* European Forum for Innovation. Dr Bemd Steinacher stated 
in an interview that with regard to the wireless cities initiative: 
"it is not only about having lots of 'hot spots' but also about making the internet economically 
accessible to all the stakeholders. Ensuring everyone can use the internet as well as have 
access to the city's services wherever they are in the city and to meet their needs - to aid local 
business and skills development and improve the quality of life ... and the people's reaction is 
very positive". (Interview, 2007) 
Objectives 
The primary objective of SREDC's wireless network project was to make the region a better place to 
do business and to support local firms as well as to attract new firms to the region. It was envisaged 
that also it would improve the delivery of local services and enhance transportation, offer free resident 
and visitor access to a portal providing important community services, over a wireless network, and 
provide an infrastructure that could allow firms and agencies to create new innovative services. 
Technological Systems Strategy 
In 2004 the city authorities decided to offer wireless access to citizens, in local government buildings 
and selected public areas, over a network, which along with its assets, would be owned and controlled 
by the city authorities. They planned to start using the network for the city authorities' own internal 
needs and then later extend its use to the public, first within government building. The project was co-
financed with EU funds from Interreg III C. 
The project focused first on the Transport Group which managed the city's light railway system. Fibre 
had been laid along the railway tracks so it was decided to use this as the core network. Previously it 
had been used only for credit authorisations from ticketing machines in the stations. It offered lOOmb/s 
and could be used to provide hot-spots to support communication with vehicles. 
153 
The project started with the building of hot-spots in the Central Bus Station which used WiFi to check 
data relating to the vehicles entering the bus stations in order to identify problems related to engines, 
refuelling, etc. Soon after, the SREDC and the Transport Group got together with other local agencies 
to determine next steps and to ensure there were no overlaps in applications, services or infrastructure. 
Two working parties were set up to focus on infrastructure and content. 
Another working party worked with a subsidiary of Arcor, the local telecommunications company, and 
later with Cloud Networks Ltd. The initial network of 60 hotspots was extended in partnership with 
Cloud Networks to numerous other locations across the city, including the opera house, convention and 
exhibition centres and railway stations. The management contract for the network was signed with 
Cloud Networks, but ownership of the existing infrastructure was retained by the city or relevant 
agency e.g. the Transport Group. When new infrastructure is needed, such as in the city's convention 
centre, these additional physical assets are owned, deployed and managed by Cloud Networks. Cloud 
Networks has a revenue sharing agreement with the Stuttgart City Authorities for the revenues 
generated by their subscriber base. 
Collaboration with other Wireless Cities was of crucial importance according to Holger Bach, Director 
of the MobilCity Group. "The Wireless Cities project funded by Interreg IIIC involves 5 cities 
currently and we used this to learn from each other. The shared goal is to create a network for cities and 
enterprises to exchange best practices and learning". Bach explained how at the outset they tried to 
define all the aspects of the service and the commercial case for its deployment. "But it's like looking 
for a needle in a haystack - security, healthcare - we were seeking a killer application". He added that 
they created the Wireless Innovation Centre (WIC) as a means of bringing all the parties together 
within an integrated network - to help identify services and their exploitation, and to identify people 
who might need funding to produce innovation. Bach stated that; "This not a technical group but it can 
help you identify the right people and bring them together - to demonsfrate projects and we run 
Wireless Open days for public and enterprises to provide their feedback and participate in the process 
of innovation". This also had the goal of increasing awareness and buy-in from potential user 
communities. (Interview, 2006) 
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Bach gave an example of this collaboration explaining how efforts were made in cooperation with 
other cities and districts. For instance, Stuttgart works closely with the area of Emilio Romagna in 
Italy, which is deploying a telediagnosis and telecare service, and a surveillance system for public 
places. Together they are part of the European Living Labs which helps cities exchange best practice 
and learning from such innovative projects. 
Achievements and Challenges 
In Spring 2007, the MobilCity portal was made available free of charge from more than 60 wireless 
internet access points across the city, including the popular street cafes on the Schlossplatz in down 
town Stuttgart, and the 32 stops along the light rail system. For a fee, users could have full internet 
access. 
The MobilCity portal provides information on events, e-govemment services, leisure activities, 
restaurants, hotels and tourism. It provides real time information on transport and, in partnership with 
Hitradio Anterme 1, provides updated traffic information. One of its special features is the ability to 
recognise the type of device accessing the service, and automatically render the content readable for 
that particular cell phone, PDA or notebook for example. Applications offered by the portal include: 
• transportation information: train timetables, routes, tram and bus service information; 
• roads: traffic reports, planned activities and recommended routes; 
• hotels and restaurants: recommendations, bookings, locations, information on services; 
« events: 'What's on in Stuttgart' and during the World Cup in 2006, extensive information 
including forums and a "wiki"; 
" general information from the SREDC and its programmes. 
Figure 4.5.1 is a screen shot of the portal and the log in screens 
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Figure 4.5.1: MobilCity Portal and Log in Screen 
The public service applications MobilCity offers are related to smart transportation applications, 
including location, fleet management, service monitoring as transport enters garages and a VPN service 
for the city employees. 
The SREDC claim that this service is unique in Germany and that the city's comprehensive 
infrastructure will attract more firms to come to the district. The SREDC also believe the service can 
only get better in ternis of content and services as new service providers are attracted by the strong user 
base and open and extensive network of firms in the region. However, they recognised the need for a 
"road show" to promote the system and its use. The SREDC are able to demonstrate that using this 
network is much less expensive than access communications via 2.5/3G from laptops and PDAs both 
for council workers and field workers in the private sector. The purpose of the road show was to 
encourage local companies to use the service and particularly the future VOIP facilities. 
One of the unexpected benefit of this initiative was that it encouraged cooperation within the region 
authorities different department, and with private firms. An active consumer network emerged, and through 
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their participation people often came up with innovative new ideas, developed new capabilities both in 
relation to services delivered over the network. 
The MobilCity Group also is planning to introduce a number of innovations in the network and the services 
it offers. This includes extending the WiFi-hotspots network in the Stuttgart region, moving to a meshed 
network technology to reduce backhaul costs and improve coverage and resilience, and implementing new 
applications such as VoIP. One priority is the creation of a more accessible portal to make it easier for 
people not familiar with ICT, or people with special needs. It will include voice technology and semantic 
applications to enable "barrier free" access. Other innovations include deployment of virtual private 
networks (VPN) for internal user groups, for instance WiFi-video monitoring for traffic management and 
communication tools for public transport fleet and employees. The Transport group is considering RFID 
based applications and investigating an equivalent system to London's Oyster Card to combine payment for 
wireless internet access and wireless ticketing for the city's transportation system, using SMS and other 
online tools to remotely charge the card. 
In an interview, Bach referred to some of the challenges involved in introducing this new network including 
maintaining up to date and accurate information from all the agencies involved. "We offer many services, 
mostly information and this is updated every hour but we are still searching for better and compelling 
content". He explained that although it had been thought that timetabling information would be helpful, 
usage was lower than expected. Usage at stations was small because people mostly had only a few minutes 
to spare before taking their trains and there was no time to log into the system. The assumption had been that 
most people would have lap tops or the new phones enabling access to content. This meant that we needed a 
platform that allows you to render the content for not tens but in our case 1500 different devices - it also 
means you have to tailor the portal to perform well on mobile devices....but we get 20 times as much traffic 
through fixed rather than mobile devices" (Interview 2007) 
Cloud Networks' reports on network usage were much lower than they had anticipated. During a field visit I 
was taken on a tour of the city and visited some of the most popular areas of the city that were equipped with 
WiFi hotspots. There were many people sitting and talking but there was no evidence of anyone exploiting 
the city's WiFi access. Signage and promotion of the service in public spaces was minimal, and some coffee 
shops and bars were offering their own private WiFi network in order to attract customers. Advertisements 
for these services were more prominent than the signs indicating access to the city service. This supports 
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what Bach said about there being 20 times the usage of the MobilCity portal from PCs attached to home and 
office broadband than via the wireless network. 
Interviews with the Urban Planning Department at Stuttgart University confirmed that awareness of the 
network was low amongst staff and students, two groups that might be expected to be high users. I was told 
that some students had considered developing a project using the wireless network, but had been put off by 
the subscription costs and limited coverage . 
Although the SREDC, whose offices are located next to the Stuttgart University campus, will issue free trial 
vouchers, this was unknown to the university staff interviewed. One of the projects being run by Stuttgart 
University is a Virtual Environment Planning System (VEPS) which is designed to facilitate citizen 
engagement in planning processes. At the time of the fieldwork, 172 ha of the city centre were being 
redeveloped and the central railway station was being moved underground. The VEPS application provides 
2D and 3D images including fly-throughs of the planned development, and allows viewers to manipulate and 
view planned buildings and activities, including at different times of day in order to see how the light 
changes. It allows comments to be submitted. The project team saw great value in linking this to the wireless 
network so information panels or kiosks could be provided to engage the community more easily. However, 
the team had no information on the WiFi network, did not know who to contact or where to get further 
information, and again students had been deterred by the costs of using the service. 
Actors 
The networks of actors and key stakeholders evolved over time. The service was launched in 2004 and by 
the end of 2005 the SREDC had established a functional department called MobilCity Group, responsible for 
mobility including intelligent transportation systems as well as the provision of the wireless network. This 
department sought a partner to manage the network and future enhancements to the system and their 
deployment across the region. The MobilCity Group needed a telecommunications partner because it was 
not licensed to set up and operate telecommunications hot-spots for public access. As was the case in the 
City of London case study, the MobilCity group was anxious about commercial risk and wanted content as 
well as telecommunications partners to mitigate that risk. It also needed a partner that could operate and 
maintain the network, and extend it to locations such as the convention centre and the concert hall. 
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In autumn 2006, Cloud Networks was selected as the service provider to manage the infrastructure owned by 
the city and various departments within the city authorities, and to extend it. It was prepared to do this at its 
own cost in return for a share of revenues and exclusive rights of way to city street furniture and equipment. 
Working with its partner, Cloud Networks, the MobiiCity Group hoped to be able to respond more flexibly 
to new and developing requirements across the city, and exploit the expertise and experience of its partner 
from working in other cities including Amsterdam, Karlskrona and London. The MobiiCity Group was 
particularly keen to have a partner that would act as a neutral operator allowing the network to be open 
enabling the inclusion of other service providers for the addition of new content and services. This reflected 
the open and collaborative approach to innovation being pursued by the MobiiCity group. 
The SREDC adopted a collaborative approach to innovation and created the WIC in order to involve more 
stakeholders. The WIC focuses on the extension of hotspot coverage in the inner-city area to make 
broadband access easier for citizens. It wanted to raise awareness of the technology available, to provide and 
offer public services, and to promote the Wireless Cities project. The WIC was and in 2009 still is 
coordinated by the SREDC and involves 13 partners: City ofFellbach, City of Stuttgart, d-mind GbR, Cloud 
Networks Germany GmbH, Hit-Radio ANTENNE 1, M-Way Solutions GmbH, Verkehrs- und Tarifverbund 
Stuttgart GmbH, Wirtschaftsforderung Region Stuttgart GmbH, Stuttgart Marketing GmbH, Stuttgarter 
StraBenbahn AG, Landtag Baden-Wurttemberg, Innenministerium Baden-Wiirttemberg and Arcor Region 
Siid-West. This grouping was in part a consumer network and a service provider network. 
WIC is responsible for running awareness raising and dissemination campaigns for citizen and companies; 
the implementation of location based services (LBS) in the MobilCity-portal and the addition of fiirther 
content for mobile devices related to community building (e.g. blogs); reviewing customer needs through use 
of feedback tools on the portal; and promotion of the Wireless Cities Project in Europe in order to grow the 
network of interested partners, communities and agencies. 
Lessons Learnt and Contribution 
The motivation of the Stuttgart City Authorities was to exploit the existing city network infrastructure assets 
to deliver a wireless service across the region that would enhance the attractiveness of the district and enable 
improved economic development and offer information services to improve mobility and leisure services in 
the city region. The Stuttgart authorities made some first tentative steps and then invited a private sector 
service delivery partner. Cloud Networks, to develop the system, make the necessary investments and share 
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in the revenue and profits of the operation. This followed the same model evident in Berlin in the 1880s as 
the city authorities engaged with AEG and Siemens and Halske to first pilot and then develop the electrical 
networks, and a similar pattern is evident in Chicago where the electrical network was outsourced to Insull 
and Central Power (Hughes, 1983) 
Governance: The level of capabilities of the SREDC for managing and developing the network led to the 
decision to find a partner and form a public private partnership. Encouraging buy-in to the project from other 
city departments led to the establishment of a cross functional project team and the identification of the 13 
partners making up WIC. 
Application Content and Services: Compared to what is offered in other cities, the MobilCity portal's 
provision is very limited, content is static, and not engaging for a mobile users, which in part explains the 
low usage. Also lack of visibility at street level of wireless hotspots, and lack of promotion and marketing of 
the service has led to lack of awareness. Finally, the paucity of distribution points where users could buy the 
city's WiFi access, and the use of trial offerings to promote and support the diffusion of the service to the 
public has not promoted use: a sustained sales and marketing campaign is needed to raise awareness and 
increase usage. 
Systemic Issues: As the LTS model predicts, the city authorities identified some reverse salients as the 
system grew and decided to extend the stakeholder community through the WIC and a broader group of 
public and private partners to stimulate innovation and deliver increased value. 
The CCS framework suggests that a focus on appropriate applications and services that deliver business and 
user value is imperative. The applications offered in Stuttgart offered poor value, awareness of them was low 
and the service had poor coverage. It was not sufficiently attractive or good value to encourage use. 
Partnerships were and still are on the supply-side, focusing on better content and services rather than on the 
demand-side where market awareness and pull are required. In terms of governance, none of the firms in the 
provider network, from basic network provision to user value creation, were making significant returns to 
invest and address the market based reverse salients. The lack of demand side interventions in Stuttgart 
contrasts with the high level of activity by Insull in Chicago and Merz in the UK (Hughes, 1983). Although 
the service provider and consumer networks were extensive, the problems that Stuttgart faced were level of 
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motivation, especially in relation to Cloud Networks' local representatives to invest in the marketing and 
commercialisation of the service, and the marketing and communications capabilities of the city authorities. 
This underlines the importance of considering the integration of adoption and diffusion of innovation models 
with LTS, and an integrated framework such as CCS to consider this. 
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4.6 Case Study: Norfolk County Council and Openlink 
Context 
Norfolk County Council (NCC) works closely with other public sector organisations and agencies, 
including the East of England Development Agency (BEDA), and leading local employers to develop 
the social and economic vitality of the region. These partners proposed and are now operating a 
wireless network covering Norwich, the county's administrative centre, and south Norfolk. The 
network is called Norfolk Open Link. This initiative received support from the Department for 
Communities and Local Govenmient (DCLG) as part of its Digital Challenge programme, and then 
received a further funding grant to support implementation of the network. I selected The Norfolk 
Open Link programme as a case study, on the basis of its combined city and rural nature and its 
contrast to the other London based case studies in terms of their density, and industry and population 
demographics. Nevertheless, there were some common motivations - attracting business and growing 
the economic base. After discussion with Ann Carey, Norfolk Open Link Project Executive, the case 
study protocol was agreed. The research was designed to address how the network was being exploited, 
attitudes of the general public, firms and the public sector, and the benefits being derived, all of which 
would provide input into the case for future funding and continuation (or not) of the project. 
The County Council wanted; (i) to make Norfolk a more attractive place to live and work in to attract 
new investment, firms and skilled workers; (ii) to provide an enabling infrastructure to test new 
applications for the delivery of public services; and (iii) to address the problem of rural access to 
broadband. In the first interview, Ann Carey stated that "the aims are deliberately open-ended so that 
innovations and new ideas can emerge as the network became more available and new learning is 
exploited" (Interview, 2007). 
Objectives 
While the overall motivation is to make Norfolk a more attractive place to live and work, attract new 
investment, firms and skilled workers, the practical expression of this was to provide an enabling 
infrastructure to test new applications for the delivery of public services and find a means of providing 
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rural access to broadband. The overall objectives of the Norfolk Open Link project are to help NCC 
understand how public sector organisations such as health, education, social services, police, fire 
service and public transport, can benefit from and improve their effectiveness by using wireless based 
technology. The deployment exploits series of practical projects to test this premise and used my case 
study, to assess the benefits. Launched as a pilot project in 2005, the services went live in 2006, and I 
completed this analysis during 2007. 
Charles Clarke, former Secretary of State for the Home Office and the local MP, reiterated the 
motivation of making Norwich, especially, a more attractive place for business, to work and to extend 
the reach of broadband anywhere, anytime. As he explained in an interview, " We wanted to find out if 
it was possible to offer broadband use from anywhere in the city especially for its local firms and 
institutions with larger numbers of mobile people - such as Norwich Union and the University - people 
on the move who could access the service from anywhere" (interview, 2007). 
Within the public sector the project has the objectives of enhancing the level of collaboration within the 
public sector, encouraging more use of home and mobile working and the opportunity for council, 
police and fire service staff to access information when away from their office. The project's objectives 
for the private sector are to initially offer free wireless internet access for small and medium sized 
businesses within the project area using wireless enabled laptops, personal digital assistants (PDA) and 
mobile phones. The Norfolk Open Link pilot also seeks to improve the information flow for the 
tourism industry as for people visiting the county on holiday or business. The intention of the project 
team and the county council is that by establishing an extensive wireless infrastructure, they will 
encourage further private sector investment in wireless and broadband networks in the region, and act 
as a stimulus to the development of new businesses in this sector. 
Technological Systems Strategy 
At the time of the case study, Norfolk Open Link is the first large scale community wireless network of 
this type in the UK and uses lamp posts to host over 200 access points. The network is deployed with 
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more than 200 Telabria APM 300 aerials which are fixed to existing street furniture and buildings, so 
that no masts have been needed. Each aerial has a 250m to 300m reception radius and are placed so as 
to give extensive coverage in the densest areas of the city as well as in small rural communities. The 
aerials feed signals back to 'backhaul' sites which then link back to County Hall and the project's 40mb 
internet link. Norfolk Open Link covers a large area of Norwich city centre and is deployed in up to 28 
hotspots in the South Norfolk area as show in Figure 4.6.1. 
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Figure 4.6.1: Map showing coverage of wireless network in Norwich 
Public Sector Employees of NCC access the network over a secure VPN from home or on the move, 
and they are provided with high speed access, typically 2mb/sec. The general public gain access over 
through a portal that provides information on key public and community related services, as well 
allowing them to freely access the internet. The access speed is constrained to 256Kb/sec maximum. 
During the pilot the only services offered were access. User departments at NCC were encouraged to 
develop public service specific applications themselves. However, my research identified only one 
example of a department developing an application to exploit the network. This was for car parking 
and indicated the availability of car parking spaces in the public car parks. Public users would gain 
access through the Open Link Portal. 
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This access to the Norfolk Open Link network is anonymous. Figure 4.6.2 shows the access screens 
with first the disclaimer and acceptable use policy and the second screen image is the main portal that 
provides access to other services. 
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Figure 4.6.2 Access to the Norfolk Open Link Network 
The system was commissioned by NCC and designed, deployed and operated on its behalf by a 
systems integrator and communications service provider, Synetrix Systems Limited. All the physical 
network assets are owned by NCC. Synetrix use Telabria as their technology partner for the provision 
of radio transmitters and receivers and integrate Telabria's technology with their own software and 
other vendors' to deliver an integrated system. NCC's strategy is to execute the pilot but for a full scale 
deployment they plan to sell the physical assets they acquired from Synetrix and to outsource all 
aspects of the service including its operations to a third party service provider. 
Achievements and Challenges 
At the time of the case study, NCC and the NOL project team have successfully deployed the largest 
WiFi network in the UK with over 200 nodes in Norwich city centre and a further 28 nodes in rural 
communities. The network supports on average around 2500 unique users each month. As part of this 
research I implemented an on-line survey, conducted interviews and groups workshops to help NCC to 
understand more about the usage, its value to individual users and business, how it might be exploited 
in the future. The nature of the survey is described in the methods section. The findings are summarised 
here and further detail is included in Appendix B. 
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The online survey shows that are that there is little willingness of end users to pay for the service, and 
while around 2500 users log on each month, only around 10% of the respondents indicated a strong 
likelihood of converting to a fee based service. Even among those who access the Internet exclusively 
through the NOL service , use it almost continuously and have no other access to the internet only 20% 
state that they are most likely to pay for the service. 
The interviews and workshops identified the growing need of firms and public sector organisations in 
Norfolk for mobile internet access as the number of their mobile or field based staff are growing. 
Several firms have already undertaken trials or pilots of mobile applications with various devices over 
different types of network technologies including mobile cellular networks. Interviews with these firms 
indicate that they are unlikely to move in the near term to WiFi as a network technology, in place of 
their existing mobile service providers, despite the high cost of communications they face with mobile 
cellular networks. The reason for this is that they need ubiquitous and seamless coverage, regardless of 
technology, and also seek simplicity in vendor relationships. The NOL service does not provide this 
ubiquitous coverage and dealing both with NCC and a mobile telecommunications operator would be 
too complex they state. My prognosis is that should NCC identify a private firm to take over the NOL 
service, such a firm would need to develop partnerships with other service providers to ensure seamless 
roaming over its infrastructure, extend the core network and address the strong concerns over privacy 
and security. 
My interviews and workshops with public sector organisations, in their role as consumers of the 
services highlighted the need for a clear strategy concerning the planned extension of network 
coverage. A strategy for, and long term commitment to greater coverage across the city and rural 
communities would allow organisations to set their expectations and start experimenting with trial 
applications. In the workshop the public sector organisations identified several potentially valuable 
applications; however, these applications are not in place today. They also pointed out the need to have 
a common technical platform across all public sector applications which would facilitate easier 
development of new public service applications that exploited the network. This is not currently in 
place. 
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The online survey showed that the NOL initiative, as a pilot, is applauded by tlie general public, private 
firms and public organisations when asked about the value of the network to them and the service it 
offers today. However, in answer to the survey question and in interviews, as to whether this should 
remain as a public service, the private sector does believe it is inappropriate for the public sector to 
operate such a network on a full-scale and long term basis. 
Highlights from the Survey 
Profile of Respondents and usage: Half of the survey's respondents were under 35 and half of them had 
broadband already in their homes, while around a quarter of the respondents used the Open Link 
exclusively (either at home or at work), as their principle mode of accessing the internet. From this I 
categorised the users into two types, those who used the service because it addresses the issues of 
affordability, and those that are highly mobile. This categorisation is consistent with the objectives for 
the NOL initiative outlined by Charles Clarke, MP my interview with him (Interview, 2007). 
The devices that respondents used to connect to the NOL service were most frequently laptop PCs and 
the applications they used were mainly to access emails, browse the Internet or check transport 
timetables. In terms of frequency, around one quarter of the respondents were using the service at least 
daily for business purposes and around half were connecting to it at least daily for personal use. 
Benefits: Respondents reported significant productivity gains (43% up to two hours per week, and 33% 
more than three hours per week). 
Willingness to Pay for the service: Among those for whom NOL provides significant benefits, only 
40% are expressing some willingness to pay for the service. However, less than 10% expressed a 
strong likelihood of taking out a subscription. One third of the respondents believe the Open Link 
should keep running as a publicly fiinded initiative. The survey of non-users of NOL sought to identify 
main reasons for people not exploiting Open Link. The two most frequent reasons are lack of coverage, 
and secondly they already have access to the mobile internet through the mobile cellular network. The 
research did not identify lack of awareness to be a significant issue, people have heard of the service. 
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Attitudes toward Regional Attractiveness: The respondents indicated that Open Link was very 
beneficial to the region's image. Even non-users are very favourable, but key issues include the 
inconsistency of coverage across the city and beyond. Importantly, and consistent with a similar survey 
in the City of London the survey shows that almost 90% of the respondents believe the service makes 
the region a more attractive place to work or live. 
Public Sector Workshop Feedback 
The NOL project is perceived by the project team as meeting its goal of raising awareness of wireless 
technology among public sector organizations and making high speed access available to public sector 
employees. This was confirmed in the workshop I held with public sector organisations. However, the 
workshop and subsequent interviews with representatives from public sector departments show that 
there is little formal exploitation of the network by the public service organisations; nor are the 
perceived benefits of using the network, or opportunities to transform service delivery clear. 
Workshop participants state that there is a need for small scale pilots to demonstrate the benefits of 
some specific trial applications. They state that this will give them the confidence to innovate in service 
delivery beyond the applications they use in the office. They want to see whether the WiFi network can 
demonstrate a reduction in deployment and operational costs of machine to machine networks (e.g. 
CCTV cameras, self service kiosks back to control centres) and enable a more multifunctional front 
line public sector field force; for instance combining the community policing and traffic management 
field workers, or integrating health and social services community workers. 
Workshop participants identified the need for a "blueprint" of what could be achieved and a set of 
agreed priorities for transforming services to exploit such a network. They expressed the need for a 
common platform for public sector applications that would enable the different field worker 
communities to be better integrated. Examples of such applications, they raised, might include the 
equivalent of Westminster street ambassadors, i.e. one person able to span multiple departments. They 
acknowledged that this would require co-ordination across departments and a much more extensive 
internal consultation process. 
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Interviews with Business and Public Sector leaders 
The interviews reveal a trend towards an increasingly mobile front line staff, and the requirement to 
have smart terminals that would enable this mobile staff to upload content immediately back to their 
office. However, in the absence of a ubiquitous network, this can only currently be achieved by 
returning to the offices and uploading any content collected on PDAs and other mobile devices, instead 
of doing it in real time. The interviews confirmed the trend towards needing faster information 
feedback and lowering communications and operational costs, but unless NOL offers greater coverage 
and the cost effectiveness of such a network has been established, then they are not interested in 
moving away from their current mobile network service providers. 
The research identified that the public sector's stated priorities for pilot applications are: provision of 
access to information about the city and relevant services; the state of car parks and available parking 
places; provision of interactive maps for tourism. They are also seeking to give citizens free access 
from public buildings, and use NOL as an effective medium to pass messages to the general public to 
reduce their communications costs. On the front page of the NOL Website, as well as on the NCC 
website they want to display public information messages relating to health and safety or fire 
prevention for instance. 
The private sector respondents stated that there was increasing move towards a more mobile workforce 
in their firms. Apart from classical applications such as emails, calendar or accessing office files via the 
company's VPN, they are experimenting with new mobile applications using their existing mobile 
cellular service providers such as Vodafone, Orange and 02. The applications they mentioned most 
frequently relate to capturing content on the spot and being able to upload this information to the office 
straight away. The advantage they foresee is speed, more accurate information, and reducing the 
communications and operating costs. However, the organisations interviewed stated the need for a clear 
strategy and commitment in terms of geographic coverage. They stated that a pre-requisite for using the 
service and investing in these applications is that coverage is ubiquitous. Where firms have already 
deployed such services they rely on mobile cellular networks and would not switch their service 
provider to NOL unless it was assured quality, coverage and cost effectiveness. The feedback on 
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coverage is unambiguous; there is an absolute requirement for ubiquitous and contiguous coverage in 
the city of Norwich as a base line for the private sector to switch to using the NOL service. 
All the organisations interviewed expressed a serious concern about security related to client data, 
sensitive information, protection from hacking, etc. They have implemented, therefore, various 
network technologies such as VPN, CITRIX, firewalls, etc. Several of the organisations participating in 
this study do not even use WiFi in their offices for this reason. They see this as a challenge for a city 
wide network based on WiFi technology.. 
In terms of continued public funding, the interviewees state that it is not the role of the public sector to 
fund the roll out of such networks, but instead the city authorities could participate in shaping the 
future of the region through policy, regulation and incentives, not by the provision of a network that 
could be provided by a private sector operator. 
Actors 
Norfolk County Council (NCC) worked closely with other public sector organisations and agencies, 
including East of England Development Agency (EEDA), and leading local employers to propose and 
then commission the deployment of a wireless network in Norwich, the county's administrative centre, 
and in south Norfolk. The NOL project team was led by Anne Carey, Project Executive who was 
seconded to this position and was previously the CIO for NCC. 
NCC commissioned Synetrix who designed, deployed and operate the pilot network, and the following 
are users or consumers of the NOL service; South Norfolk Council, Norwich City Council, University 
of East Anglia (UEA), Norfolk and Norwich University Hospital, Norfolk Constabulary and Norwich 
City College. 
The NOL initiative is fully funded by the East of England Development Agency (EEDA) at a total cost 
of £ 1.35m. It is one of the few, and at the time of the case study, the only UK wireless network that 
provides free internet access for the general public, the business community and public sector 
employees. The offer of free public access is limited to the pilot and offered at lower speed (256K 
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max). While there is not a private sector provider competing at that time, the lower speed has been 
selected on the basis that it will not be competitive with private sector providers or contravene EU State 
Aid regulation. 
Lessons Learnt and Contribution 
NCC embarked on a learning exercise with this pilot - it openly stated that the objectives were open-
ended. It goals were to deploy a WiFi based network infrastructure, NOL, to identify the applications 
and services that could bring most value to the business and end-user communities and improve the 
efficiency of its own service delivery. The NCC's objectives also include enhancing social capital as 
well as economic development. The principal communities of actors - consumer, service provider and 
commissioner are consistent with the CCS framework, as are the objectives that NCC was seeking to 
achieve. Its governance model includes engagement with all the main local actors, the business, local 
community and public sector stakeholders, who together determined the priorities and gave their 
support for the pilot programme. However the research identified that this is passive support rather than 
active engagement, which is a crucial element in the governance component of the CCS framework 
The project team with its technology partner Synetrix had the technical capabilities to commission 
NOL, to select the network design and deployment partners and manage the operations of one of the 
largest UK WiFi networks. They created a physical as well as political environment to allow testing 
and experimentation with new services, and to better understand public attitudes towards mobile access 
from anywhere. However, the level of coverage with Norwich itself was too limited to encourage other 
stakeholders, public or private to invest in exploiting the service. The spatial component of CCS was 
not addressed effectively within the pilot. The duration of the pilot was too short, even if services were 
to be transformed to see value derived from the application and service delivery component within 
CCS. This also raises issues of operational deployment, integration and provision of services and the 
relevance of content offered over a mobile network. The maturity of this technological system must be 
considered bearing in mind the spatial integration issues raised in the CCS framework and the 
challenges of a highly dispersed geographic environment in Norfolk as we see at Corpus Christi. It also 
raises the need for compelling content or services that deliver value to users and the business 
community. In summary, the application content and services, technological systems infrastructure and 
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spatial integration with the physical geography in the CCS framework were not sufficiently aligned, for 
the consumer networks, private and public sector, to exploit the network and extract value. 
The plan was always conceived as a pilot, and one that the stakeholders could learn from, and to 
encourage innovation, rather than test specific applications. For these reasons it did not address the 
sustainability requirements for such a network. However as the pilot came to an end, the question of 
how to make the network sustainable is being posed. There is not sufficient evidence fi-om the pilot to 
provide answers to this question. In the CCS as well as LTS model, the overall system is not a 
"seamless web" - social, economic, technological, and in the case of NOL there are gaps in each of 
these domains and a lack of alignment. 
The private sector interviews highlight the capabilities issue (Penrose, 1959) of a public sector 
organisation attempting to lead the deployment of such a project. At the time of writing this case study, 
the NOL project's future is unresolved and attempts are underway to involve a private sector partner to 
take over the assets, and extend and operate the network to give a sufficient base line of coverage for 
business users. A viable business model might include an anchor tenancy by NCC to provide services 
for its mobile workforce; corporate contracts with the cities major employers including not for profit 
organisations such as the university and healthcare providers; sponsorship from the private sector plus 
partnerships with other service providers who address the consumer/residential market. Assembling 
such a consumer network is likely to be beyond the capabilities of a local authority, as well as being 
beyond their remit. It points to the need the techno-financier network to assemble and animate such a 
network as well as the partners with the capability and experience of operating a system with a 
sustainable business model 
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4.7 Case Study: Karlskrona, Sweden - Telecom City 
Context 
In a period of just 15 years Karlskrona transformed its economy to a high tech, high value added and 
knowledge based economy from one based on ship building, a naval dockyard and traditional 
manufacturing. 
During the 1990s the city authorities, local politicians and the business community saw that there was a 
risk that Karlskrona would become isolated and overtaken by the Stockholm, Gothenburg and Malmo 
triangle. They were concerned that it would be eclipsed by Lund, with its universities and knowledge 
based sectors. The city authorities, in cooperation with local industry and with the Blekinge Institute of 
Technology, Karlkrona's technical university, were determined to keep Karlskrona from declining and, 
based on the spread of the internet in the latter part of the 1990s, they collectively set out to make 
Karlskrona an example of best practice in telecommunications, the internet and the mobile applications 
and services industries. Karlskrona was to become known as Sweden's "Telecom City", and the 
authorities recognised the need to deploy an infrastructure that would justify this description and 
support local industry, provide a platform for its universities to work with indusfrial partners on 
advanced services, and transform the community's use of the internet as well as its ICT skills 
The Telecom City initiative was established in the early 1990s following the demise of Karlskrona's 
naval shipyards. The defence and shipbuilding industries were declining largely due to the peace that 
followed the end of the cold war. Unemployment in the town was at 15% throughout the early part of 
that decade. The number of people in the Karlskrona region with a university degree was among the 
lowest in Sweden and there was no real knowledge economy. 
The telecom business located in Karlskrona was related to the production of electro-mechanical 
hardware and basic assembly. Ericsson had a factory manufacturing traditional telephones and was 
outsourcing its electronic data processing (EDP) to a services team of 40 people based in Karlskrona. 
These activities became a nucleus of resources that developed and was complemented by the arrival of 
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other telecom sector firms. Per Ericsson, the then Vice Chancellor of Blekinge Institute of Technology 
(BTH) was the driving force of the Telecom City initiative; he later became the Director General of the 
Institute of Innovation in Sweden which influenced future developments in Karlskrona. 
The collaboration also included major employers such as Ericsson and Affarsverken, and a partnership 
with the city authorities and the Swedish government. The concept of Telecom City became a reality. 
Nordic Telephone Co. was the first telecommunications operator to come to Karlskrona. The company 
changed hands several times becoming Europolitan, Vodafone and finally Telenor. Ericsson developed 
from an electro-mechanical telephone producer and relocated its R&D centre to Karlskrona. Ericsson's 
local R&D effort became the main hub of its multimedia business and today it has become a highly 
integrated business unit with close connections to and interdependencies with many local firms. 
Europolitan was a highly integrated business, but the local Telenor operation is one of many distributed 
offices of this firm, focusing on customer care under the direction of the Telenor head office in 
Stockholm. The degree of Telenor's integration with local businesses is much more modest than that of 
Ericsson as is the level of its value-added, both locally and within the firm. The Swedish government 
contributed to these activities and in 2000 when the future telecom operator Radius, wanted a license, 
the government stated that this would be issued on condition that Radius relocated to Karlskrona. 
Throughout the 1990s firms came to the region to benefit from the skills provided by its universities 
and the upstream connections to the networks of other high tech firms, including the telecom operators. 
Karlskrona benefited from university spin-outs and businesses set up by students to serve these firms, 
and the consulting firms that became established to support them. The telecoms sector evolved from 
manufacturing to technology development, to content and applications delivery, with many of the new 
firms being locally owned. Part of the attraction was lower salary costs and a good environment for 
young families. 
Karlskrona was a good location for these firms, as Frederick Von Platen, former Director General of 
the National Board of Swedish Housing and Planning, explained: due to the involvement of Per 
Ericsson, first at a local then at national level, because of the size of the city was "grippable" - not too 
large, and due to the good cooperation between the universities and emerging skills, local businesses, 
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the city authorities, they were able to cooperate on getting the infrastructure into homes and used by all 
sections of the community. The city had created the basic infrastructure that advanced services and 
high tech firms needed, and a thick network of firms with complementary capabilities in the telecoms 
sector. 
Objectives 
Karlskrona had three motives for undertaking the deployment of a pervasive fixed and wireless 
broadband network and a rich set of application services. Firstly, to provide the amenities to atfract new 
industries and skilled knowledge workers; secondly, to provide pioneering new services particularly 
community based services that would stimulate new industry and become exemplars of best practice; 
and thirdly, to enhance the social capital and quality of life of citizens. Karlskrona is an interesting 
example of an infrastructure programme whose services became an integral part of the city 's overall 
economic development and innovation system, consistent with the CCS framework. 
Technological Systems Strategy 
In the late 1990s the Municipality commissioned a citywide data network to be built by Affarsverken, 
the local power utility. The network was initially planned to furnish the Municipal authority's own 
needs. It was natural for the energy company to take the lead as it had responsibility for digging up the 
streets and managing the deployment of conduits for electrical cables. Running fibre down the conduits 
was an obvious next step in this small city. Several companies had submitted bids but for practical 
reasons Affarkverksen was chosen and was awarded a 10 year contract for the design, deployment and 
operation of a broadband network. Affarsverken built the network to meet both the municipal 
authority's requirements and those of business and residential users as part of the Telecom City 
development. The assets were initially owned by the city authority and managed on their behalf by 
Affarsverken, but in 2001 Affarsverken bought back the network from the city to become sole owner of 
the network on behalf of the city. 
The other member of the triangle, the city authorities, took the view that their aspirations for 
Karlskrona to become Sweden's Telecom City could not be met without the provision of a city wide 
network and infrastructure service. The municipality wanted everyone living and working in the city to 
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have access to the internet and was of the opinion that providing one single network would be more 
sensible than having separate networks and vendors for each community of users. The Public Housing 
authority wanted to get fibre into every home, free of charge if necessary. Thus, the objective was not 
only to attract firms, jobs and skills to Karlskrona, it was to include the whole community in this 
transformation. 
Despite the bursting of the internet bubble in 2000, momentum built in Karlskrona and challenges 
emerged as network owners, operators and internet service providers (ISP) competed for control of the 
entire value chain. The systems model had not been stabilised. The key control or "choke" points in 
terms of access, operation, content and customer relationship management had to be determined and 
each of the parties was competing for control. 
There was a political desire for openness, but in 2001 this was not achievable. It was difficult to 
incentivise the ISP to deploy their services on top of another firm's infrastructure. No-one wanted to 
deliver the combined service. In 2003 the city and Affarsverken began discussions with TeIe-2 which 
offered to work with Affarsverken and the city to deliver the services required. 
In 2002/3, the national and international telecom operators were focused on the triangle of Stockholm, 
Malmo and Gothenburg, with Karlskrona out on a limb, unserved and even bypassed. A city of 60,000 
inhabitants could not attract large operators to deliver a network infrastructure, capacity or services. It 
was necessary for the city in partnership with Affarsverken to build out and deploy the network, but in 
such a way that others could deliver services, take wholesale capacity and create new services.. 
For regulatory reasons, the city itself could not become the ISP so it needed to open up its network. The 
city and Affarsverken owned the data communications network, control systems and fibre, plus the 
conduits through which extensive fibre had been laid. Affarsverken worked hard to attract ISPs to offer 
a range of internet services for the community and business. The systems model, the value chain and 
the commercial or business model that underpinned this was well understood and ISP competed to 
exploit the network. The real estate companies in the city were looking at how they might exploit these 
services and deploy the infrastructure and services throughout the properties they managed in place of 
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ISDN services. They perceived the provision of this service to be a differentiator in terms of facilities 
they could offer to tenants and purchasers, and a source of additional revenue. 
Since the network infrastructure was basically publicly owned because the city authority owned a 
controlling stake in Affarsverken, it was decided to focus on applications that could deliver social 
benefits. They started to consider what kind of public services could be delivered over the network and 
the focus was on developing a not only a "triple helix" (Etzkowitz et al., 2000), but a quadruple helbc in 
which the users played a substantial role in the development and innovation of new services. Users, 
consumers and individuals such as Roland Hultgren, Chairman of the Karlskrona Future Living 
Initiative and Sister Gudrun, a local health visitor, all played important roles in the creation of 
innovative services. 
There is a wide range of services available, however, this case study focuses on three innovative 
services. 
Internet Connectivity - Fixed and Mobile 
In Karlskrona, internet connectivity services are managed by end-users through a self-service portal 
which allows users to select the kind of services they want, and are prepared to pay for in terms of 
performance. They can sign up with Tele-2, Bredband, Telia, etc. Services are provided at lower cost 
than the other cases in this thesis. Users can select from between Imb and lOOmb of bandwidth through 
the service selection portal; the highest speed is available for 465SEK or around £40 per month). 
Service provision is automated. Users click and order and provision is automatic, for the period 
requested for the service requested. If ultra high speed is required for a particular project but not 
required for a longer period, it is possible to sign up for just this period. Other services are provisioned 
similarly. 
Deployment of the fixed network was accompanied by a rapid and extensive development of WiFi hot 
spots. This development was uncoordinated with firms acting independently. Telia, Tele-2, Global 
Connect plus local ICT companies installed hot spots, followed by local firms, coffee shops and bars 
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that wanted to attract customers. No single vendor or agency was involved in integrating these 
offerings to provide a citywide, contiguous network. Affarsverken wanted to provide the backhaul for 
all the wireless/WiFi operators and take all the airborne traffic back through its network. The UK WiFi 
network operator, Cloud Networks, had a partnership agreement with Telenor to offer services. If users 
started to exploit the WiFi network there was a danger that Telenor would lose traffic from its fixed or 
GSM network. It was clearly advantageous for Telenor to collaborate with Cloud Networks and benefit 
from any backhaul as well as access to services, rather than to see its revenues being eroded. Cloud 
Networks was appointed to integrate and manage the city's hotspots using Affarsverken as the 
backbone provider. 
Future Living Initiative 
A range of services was developed to accompany the model supporting residents in senior housing 
developments. The Future Living initiative provides mixed accommodation for young families and 
senior citizens. The initiative is led by Roland Hultgren. A combined IPTV, Internet and telephony 
service is provided over the network and includes social, healthcare, community, leisure and public 
administration services. These are accessed through a set top box via the TV or home computer in the 
Future Living apartments. The apartment buildings have communal spaces where families and 
individuals of all ages can meet up to share their knowledge about the new technologies and to hold 
social events. It was through one of these events that a health visiting service, conceived by Sister 
Gudrun, was first deployed. 
Health Care Services: The Health Care Channel and Sister Gudrun 
Birgitta Lundberg, Head of Strategic Development for Healthcare explained that: 
"Sister Gudrun began in this room, and there is a real, a very real Sister Gudrun the name 
made the service seem so much more humanised. The best services seem to be developed out 
of the community and their needs. We understood the need develop healthcare applications, 
and we asked the BTH to do a project. They asked the older people if they would like to use 
the TV set as a way of receiving healthcare, and Sister Gudrun pinpointed the possibility of 
using the TV as part of the regional healthcare service. Sister Gudrun was nearing retirement 
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and not able to get out to meet personally with all her patients; certainly not as frequently as 
she would have liked and she was clearly much loved in the community. There were lots of 
problems with patients using the telephone counselling service which they found too 
impersonal and anonymous and the PC was too complex. They high school made a number of 
demos, where patients could see Sister Gudrun on a regular basis using videoconferencing 
capability, and she could administer remote care to them. They worked on the platform for 
delivery and created a new service that could deliver a high capacity social service". 
(Interview, 2007) 
The telecare equipment uses a standard video camera and network. All TV is digital: when someone 
gets sick it is not necessary to visit the doctor or hospital. Residents can call the health care department 
and using the camera, describe or show the problem. The cost of deployment is modest since it 
involves a standard set top box with an internet link and wired connection for a camera. 
The network was opened up to more services and has the facility to provide even more. IPTV is 
extensively deployed, although in summer 2007 the Health channel was used by only 25 people. The 
Health Channel is part of the IPTV service platform and allows users to call their healthcare workers 
directly, or receive calls via VOIP. There is a full video link to enable patient examinations and telecare 
devices for vital measurements such as temperature and blood pressure, even blood tests can be 
administered remotely. 
The system was demonstrated to me in a Future Living apartment block and we were able to interact 
with health professionals to check on the effectiveness of the service. I reviewed the next developments 
with the development partner - Dream Park. This is a local firm from the local town of Ronneby which 
is a self-styled "Software City" next to Karlskrona. Its portal provides a consistent interface for users 
whether they are accessing the service from a PC or via IPTV and it is also accessible via the wireless 
network. The development partner stressed the importance of being able to work directly with informed 
end users, healthcare experts, and sophisticated real estate partners for deployment in the home. Future 
plans include the ability to send videos of therapy and fitness materials for carers and their patients. 
Prof Bo Hegelson of BTH said that: "The approach is to drive a lot of the activities through voluntary 
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activity and do it bottom up not top down. BTH University and Municipality were key players" 
(Interview, 2007) 
Actors 
Per Ericsson, the then Vice Chancellor of BTH, drove the initiative to create a Telecom City for 
Sweden. In his later capacity as Director General of the Institute of Innovation in Sweden he was able 
to influence developments in Karlskrona. The municipality commissioned its citywide data network 
which was built by Affarsverken, the local power utility. The commissioning actors in this case were 
reaching well beyond the city to the national actors for help. 
Per Ericsson encouraged collaboration between the university, industrial firms including major 
employers such as Ericsson and Affarsverken, and a partnership with the city authorities and national 
government to create the triple helix. Peter Larson, head of Wireless Cities Group, an BU supported 
organisation, was appointed Strategic Development Director of the primary network provider and 
utility company Affarsverken, and led the deployment of the infrastructure network and developed the 
partnerships with industry and academia, as well as the community to delivery new services. He was 
instrumental in introducing Cloud Networks as an integrator and delivery partner for the wireless 
networks. 
The new municipal wireless system had only just been implemented at the end of 2007 so it was too 
early to assess its impact. Cloud Networks manage the network and have established partnership 
agreements with other hot spot providers. The city pays one third of the cost for each new node in the 
network, the balance being paid by Cloud Networks which exploits Affarsverken's fibre for backhaul 
and does not pay extra for this. It has a revenue sharing deal and pays 25% of its revenue to 
Affarsverken. The city provides free access to the publicly available portal Karlskrona Wireless City, 
which offers a range of services including tourism information, traffic, police, and health information. 
There is a range of additional and chargeable internet services. Basic wireless connectivity is provided 
on a fee basis via Cloud Network's partners - Telenor, Vodafone, T-Systems, and others. 
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Achievement and Challenges 
The technological systems, economic development and social capital transformation strategies are 
highly integrated, and the innovation system encourages the development of new services from within 
this technical, corporate and academic infrastructure to create a virtuous circle. 
What is evident in Karlskrona is the close integration of BTH and with its business incubator and 
advanced research capability. Prof Bo Hegeison of BTH explained that the university is ranked fifth in 
the world for software engineering. Of the 3,500 students in this field, around 1,200 are overseas 
students which gives is a measure of its international position. This source of skilled and qualified 
personnel attracts new firms and is a powerfiil incentive for these overseas students to remain in 
Karlskrona wherever the main markets and customer base may be for the services they develop and 
sell. 
One of BTH's spin-outs is UIQ, which employed some 50 people in its first year, 1999. Employment 
increased to 200 in year 3 and by 2007 is approaching 600 employees. This is one example that 
illustrates not only success but that growth is dependent on the combination of an economic strategy 
aligned with human capital and technology infrastructure. One of the biggest problems faced by local 
industry is finding the thousand or more ICT professionals needed to support their business and the 
pressure is on BTH to develop the capacity to provide these resources. BTH is also working with 
Hewlett Packard and Microsoft to establish a laboratory, which local companies can use to test their 
new services and capabilities. This laboratory will enable these firms to model a telecommunications 
network that simulates the entire Affarsverken network and thereby create a test bed for future 
innovation. The lab will help firms to accelerate their testing programmes before their solution is 
deployed across the city. BTH is hoping to make this a living lab where the university, new spin outs 
and local firms can not only learn about how their solutions perform but also showcase them to 
prospective customers. 
The Telecom City Initiative in partnership with BTH and the municipality has a financing capability 
for new ventures, with around one-third coming from municipality and the balance from venture 
capitalists and local firms. The initiative also includes a series of programmes to stimulate innovation 
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through competitions such as Catwalk 06, and prizes for the most customer oriented and easiest to use 
applications. BTH's incubator has successfully promoted 20 companies since its inception, half of 
which were university spin outs. 
Richard Leiden, Leader of the Telecom City initiative said: 
"the development of Karlskrona in the last 15 years through the efforts of all parties has meant 
that the IT and Telecom industries now represent 20% of employment and 30% of tax 
revenues in the city from a base of almost nothing. Now, 25 - 30% of people have University 
degrees and we have 6000 students in the city with 70% coming form outside region and 70% 
of them then staying in the region on graduating. Finally, many more people want to come and 
stay here where they feel they can be much more involved in the city than elsewhere and be 
part of a 'common soul' (interview, 2007). 
Lessons Learnt and Contribution 
Karlskrona is an example of a collaborative effort that takes the triple helix" model (Etzkowitz et al., 
2000) and extends it to become a quadruple helix with the involvement and active participation of the 
community and front line resources involved in service delivery such as the healthcare example 
described earlier. The city authorities did not take a top down approach but a highly collaborative one. 
This was a combination of a commissioning network of actors, and a consumer network working 
together with the service provider actors. The economic development and innovation system strategy, 
and transformation of the social capital and industry base were considered at systems level and was 
integrated with the technology strategy and the enabling infrastructure provided by Affarsverken. This 
demonstrates a high degree of alignment between the component parts of the CCS framework. In terms 
of project governance, the city authorities as commissioners, could partner with a highly skilled service 
provider partner in whom they maintained a controlling interest but it also operated on commercial 
principles. The collective forces of the public and private sector organisations in this network 
intervened when they saw signs of market failure, a city out on a limb being bypassed by the triangle of 
major cities and devised the strategy to transform the city for the knowledge economy. National 
agencies were engaged to support the planned Telecom City initiative by encouraging firms to relocate. 
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These national agencies acted as a meta-network, using their resources and policy actions to influence 
both service providers and the business consumer networks. 
The challenge to the exploitation of the network in its early years was lack of compelling application 
and services content. This was resolved by opening up the system to local firms, new services being 
developed by several stakeholders, to ISPs and other service providers, created engaging and relevant 
content for users. The healthcare example is an irmovative solution enabled by the digital technology 
and the willingness of the relevant agencies to cooperate and transform processes for healthcare 
delivery. The network and services offered achieved sustainability through several strategies: 
governance, and close collaboration with users and sponsoring organisations to prioritise, pilot and 
deploy services that delivered operational benefits. This in turn encouraged greater exploitation of the 
network by the city authorities and an increased willingness to transform more of its public services. In 
partnership with a business partner, Cloud networks, it was also able to deploy a sustainable and 
pervasive wireless WiFi service. 
The governance model adopted by Karlskrona has similarities with that adopted by Berlin in its 
deployment of its electricity network in the 19^ " century. The review of the LTS literature shows that in 
1889 the Berlin city authorities were working in close partnership with the private sector to develop a 
new infrastructure and services to transform the city, which spawned new industries and new skills and 
created new jobs. Karlskrona is benefiting from revenue sharing in the same way as Berlin benefited 
120 years earlier. Karlskrona demonstrates the importance of public and private sector partnerships, 
clear governance, compelling content created through community engagement, a willingness to 
transform the delivery of public services, and a systemic approach to delivering a sustainable service as 
did Berlin - and all of these components are represented in the integrated approach of the CCS 
framework. In the case of Karlskrona, all these components are aligned, as I discuss in more detail in 
chapter 6. 
Karlskrona took a systemic approach to its strategy for transformation involving deep collaboration 
between all the networks of actors shown in the CCS framework, and in which each of the actors 
understands the relevance of an integrated approach involving all the components in a CCS. 
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5. Analysis of Evidence 
This chapter analyses the evidence from the case studies in terms of the motivations, benefits and 
challenges cities experience and the quantitative analysis. It shows that some of these 21" century 
challenges are similar to 19* century LTS deployments such as electrical networks. It relates the 
findings to the main components of the initial CCS framework including the roles and interactions of 
the different actors and enables us to build a more complete understanding of CCS. 
This analysis is also used in Chapter 7 where I discuss the implications for policy makers and 
practitioners and propose a set of parameters that can help city authorities and their partners 
operationalise the deployment of such technical systems. 
5.1 Summary of Case Study Findings 
The case studies highlight 5 major areas of anticipated or perceived benefits that are motivating cities 
in the deployment of digital broadband, wireless networks and related community and business 
services. These are: 
" Atfracting new business and supporting innovation 
«• Improving business effectiveness, especially for small and medium enterprises (SME) 
' Increasing the efficiency of local service delivery 
' Transforming the quality and scope of community services 
' Enhancing social capital, cohesion and inclusion 
Each of the case studies demonstrates different priorities. In the following table I summarise the main 
priorities and the secondary one, signified by a P and an S respectively. Where the intersection is blank, 
the city had little or no interest. 
Barcelona Corpus Christi Shoreditch City of London Stutgartt Norfolk Karlskrona Canary Wharf 
Attracting new business and supporting 
innovation P s P P s p p 
Improving business effectiveness, 
especially for SME p S s s s 
increasing the efficiency of local service 
delivery S p 5 s 
Transforming the quality and scope of 
community service* S P s s 
Enhancing Social Cohesion and inclusion P P s 
Table 5,1: Case Study Findings: Potential or Perceived Benefits in terms of Cities' Priorities 
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These 5 areas of benefits correspond with the elements of the CCS model relating to governance 
including the economic development strategy, service delivery effectiveness to business and 
individuals, as well as its efficiency, and the development of social capital. 
CCS provides a framework for understanding the interaction among the socio-economic factors at work 
within the city, the different stakeholder organisations involved in the commissioning and provision of 
the systems and services, the users of the system and consumers of services, and the technological 
system itself The following table aligns the potential benefits motivating city authorities and related 
agencies as the commissioners of these networks with the principal components of the CCS framework. 
Component of CCS 
Applications 
Industrial and Spatial and Service 
Governance Social Capital Organisation Delivery 
Attract ing new business and supporting 
innovation 
Improving business effectiveness. 
especially for SME 
Increasing the efficiency of local service 
delivery 
Transforming the quality and scope of 1 . ^ 
communi ty services 
Enhancing Social Cohesion and inclusion ' i 
Table 5.2; Summary of Case Study Findings - City Motivations and relationship to CCS 
The findings suggest that public and private stakeholder organisations as well as individuals form into 
networks of actors involved in the commission, provision and consumption of these technical systems. 
In the following sections I discuss the role of these networks with a special focus on city authorities 
and their relevant agencies as commissioners and in some cases as the systems integrator and provider 
of systems and services. In the final discussion at the end of this chapter I will examine the role of an 
additional network of actors operating at a meta-level. 
I will now address each of the benefit areas in turn along with the proposition, the rationale and the 
evidence from the relevant case studies where the benefits and the proposition were exhibited. In each 
area I show the relationship to CCS and the interactions between the different components in this 
framework. 
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5.1.1 Attracting Business and Supporting Innovation 
The case studies show that city authorities and their planning and development agencies are seeking to 
provide the conditions that will attract business, especially innovative and growing firms in the high 
tech and knowledge intensive sectors. Barcelona with its 22@ district of innovation is a prime 
example. From the earlier literature review we know that a crucial pre-requisite for innovation is 
communication and knowledge exchange between firms and other institutions, individuals and teams, 
and these teams are increasingly dispersed and not collocated, nor are they made up from just one 
organisation. 
Broadband communication networks enable individuals and teams to work effectively in a distributed 
mode, aid communications between individuals from different firms working in distributed teams and 
thereby facilitate innovation and provide a more attractive environment for firms to locate to. 
Innovation differs from creativity and invention in as much as it leads to the launch or deployment of 
new products, services and processes which have a commercial or social impact. While creativity and 
invention may sometimes have a sole originator, it often involves teams or even complex networks of 
firms and individuals who are necessary to successfully innovate. Communication between all the 
different stakeholders is recognized as an important component in this process. 
Throughout the 19"' and most of the 20* century organisations were primarily vertically integrated and 
people worked within accepted and common office hours. The work of turning creativity into real 
innovation was likely to take place in the office, even if the creative impulse had been sparked 
elsewhere. However the development and adoption of ICT enabled more distributed organizational and 
working practices, collaboration between multiple firms and outsourcing, and as a consequence flatter 
and more horizontal organisations emerged. While the design of workplaces focuses heavily on spatial 
arrangements that stimulate innovation within an office context, this has the following limitations. 
« First, work outputs may be delivered by large extended teams operating not only within the 
enterprise but with a web of partners, clients, and suppliers outside of the organisation who may 
play a crucial role in business innovation and operations. Firms are less vertically integrated and 
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the products and services are normally offered as part of much broader systems resulting in the 
need for such extended teams. 
• Secondly, firms and organisations are increasingly more distributed, including at an international 
even global level. Enabled by technology, employees regularly work from outside their regular 
place of work or company's offices. 
• Thirdly, the nature of the information that is often most valuable within the business has evolved. 
Communication m business has always relied on a combination of both tacit as well as more 
formally codified information. Codified information can be readily documented, found on the 
internet, or corporate databases. It can normally be accessed from almost anywhere, and on its 
own does not bring any special advantage to one location over another. By contrast, tacit 
information is less structured, it is the information held in ones head, it may include partially 
formed ideas that are still gestating, or information on relationships both between people and 
between organisations, and crucially, it may bring value and competitive differentiation to the 
codified information. Today, such information is not separated easily into the tacit and codified 
information. Added value may be generated when an individual incorporates highly personal tacit 
information around more formal codified information. (Von Hippel, 2004) 
As we saw from Michaud's analysis (2005) and the insights of Glaeser (2005) in chapter 2, knowledge 
intensity and innovation can involve people from different firms getting together not only over the 
phone but also face to face, in their offices or some neutral location, and share a combination of tacit 
and codified information. These are the spatial conditions that cities are trying to create as seen in the 
Barcelona 22@ district of innovation and in the Canary Wharf case studies. 
The PDA, the laptop, the smart phone are all mechanisms for accessing dynamic corporate data as well 
as the broader internet and without them people feel disconnected and disadvantaged. The availability 
of information, anytime, anywhere and being able to access it, share it, and incorporate personal 
insights are cited by city authorities and agencies such as the Cloud as both attracting and supporting 
innovative firms. This is the value that wireless enabled cities or district wide networks seek to provide. 
The analysis from the City of London provides evidence that having access to business systems 
anywhere using interfaces that are identical to the ones you used in the office or from a dedicated 
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network services provider will result in greater adoption of the system by end users. As evidenced by 
several of the case studies, this implies either the city authority, when acting as a commissioner, needs 
to find a service provider that will act as a neutral operator, or if the city itself is service provider it will 
need to operate this way. The requirement is for the service provider to offer open access to the 
network, even encouraging other parties to come and deliver services over it. This appears to accelerate 
adoption, delivers additional value to all users and consumers of the services, and may generate 
incremental income for the city authority. These points are demonstrated in the Stuttgart, City of 
London and Corpus Christi case studies. 
In summary, a city with enhanced communications networks capability and appropriate spatial 
planning may be more likely to support greater innovation than one which prescribes a limited set of 
locations, and needs individuals to timetable every meeting and encounter so they can be prepared with 
information that is still never quite current. In the case of the City of London, firms like the Cloud are 
providing an additional "guest" facility, so people from different firms can access their own private 
corporate databases securely from each others offices, while taking into account potential issues of 
security and confidentiality. 
What we see in the City of London or Canaiy Wharf are city districts that are seeking to attract and 
retain firms by being more agile and flexible and allows businesses to literally create the space and 
time they need to function, rather than face the rigidities of the traditional city, or private data network. 
It highlights the relationship incorporated in the CCS framework between the cities economic 
development sfrategy, the industries it is promoting and the architecture of the technical system and the 
applications and services it offers. 
5.1.2 Delivering Higher Business Effectiveness especially for SMEs 
Growth of employment in cities depends on the vitality of the small business sector, and companies of 
all sizes are seeking cities with the infrastructure that can enable them to be more effective in 
delivering their own services, as well as improve their operational effectiveness. Cities are deploying 
pervasive broadband networks with this as one of their stated goals. 
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In the previous section of this chapter I focused on the importance cities give to innovation, but the day 
to day success of an enterprise is also based on the efficiency and effectiveness of the services provided 
by the city authorities - the application and service delivery component of CCS. 
The city authorities in their role as commissioners, and the service provider need to ensure they deliver 
value to the consumer. The firms that are also part of the consumer networks, and that cities are trying 
to attract, are seeking services that will improve their business performance. A city with the right 
amenities and services is better placed to attract firms in a globally competitive environment. I will first 
examine how the provision of a pervasive broadband networks, such as wireless can enable firms to 
improve the efficiency of their mobile work force. The combination of WiFi enabled central districts 
complemented with mobile cellular networks at the periphery can provide ubiquitous connectivity so 
long as the applications and smart devices have been enabled to move seamlessly across these 
networks, cell to cell, while maintaining connectivity to the applications. The case studies, particularly 
Corpus Christi, Stuttgart and Barcelona as well interviews with the City of Westminster confirm the 
value of the following applications to improve firms' performance. 
Field Force Automation: These applications require ubiquitous and secure access to corporate 
systems. For example, while an engineer is resolving a problem with one customer, the parts that are 
required for the next call are being shipped directly to a drop off and collection point en route, or the 
days call plan might be rerouted should there be ahold up on parts deliveiy. Continuous feeds of data 
to the field engineer, as well as access to diagnostic support including 2D and 3D images aid field 
productivity, and the integration of parts logistics and field operations can transform the completed call 
rates. If this is complemented with Voice over IP and voice communications, costs can be reduced as 
an engineer receives guidance directly from say a 2"'' level support organisation that could be in India. 
Additional location based services can include locating the nearest fuel station on the way to a call to 
minimise the distance travelled, improve the call rate and reduce the response time. For instance, IBM 
reports how it helped one of its British utilities customers to deploy a mobile working programme, 
enabling them to work on 287,000 more repairs annually, free up 2.6 million working hours, replace 
over 4.5 million paper forms, reduce the distance driven by front line response teams by more than 15 
million miles and thereby save around 2.7 million litres of fuel (IBM, 2004). Field Force Automation is 
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an important element in the deployment by Corpus Christi, where the network was first deployment to 
support remote meter reading as well as the utilities field force, and is one of the main pillars of the 
applications being deployed in Barcelona. Although Westminster City Council is not included in the 
case studies, the interviews with Vic Baylis, Director of Customer Services highlighted the importance 
of supporting a field force of more than 1250 operatives using the wireless network. 
Distributed Working: According to The Agile Workplace: Supporting People and Their Wort, "By 
2006, about 30 percent of the Global 2000 enterprises will have adopted a model where 35 percent of 
the knowledge workforce will be empowered to work outside the formal workplace." And it continues, 
"After 2006 workplace agility will be achieved in 30 percent of the Global 2000 enterprises by 
adopting an explicit strategy to support a highly distributed, connected and autonomous workforce." 
(Joroff, 2003) This is driven by a combination of productivity benefits, employee preference and 
improved recruitment, and cost savings by reducing real estate costs through hot-desking and flexible 
work models. For instance IBM claims that its mobile working programme has demonstrated that 
telecommuting programmes can save on average £10,000 annually per employee and reduce physical 
infrastructure costs by 40-60 percent. Such an approach was one of the main drivers at Canary Wharf 
and the City of London. 
Supporting SMEs as part of Economic Development Strategy: there are many small businesses in 
cities that have neither the resources nor the scale to deploy rich ICT based business solutions. Small 
businesses by their nature, often involve proprietors and managers moving rapidly from their clients' 
offices, their homes, and main business premises, and have access to their business data and colleagues 
using a combination of messaging, email and voice from any of these locations or on the go. The 
Corpus Christi case study shows that a city that employs a pervasive network can work with a series of 
partners to offer a small business portal that brings together a rich suite of applications such as office 
and collaboration applications, e-mail, instant messaging, teleconferencing, VoIP, e-leaming, e-
procurement, e-marketplaces, e-HR as well as other IT infrastructure outsourcing services such as 
disaster recovery, back-up and restore, remote IT management. Many of these could of course be 
offered over existing broadband links, but by providing a pervasive network, it enhances the benefits 
for proprietors and managers of small businesses who need to be able to work flexibly from any 
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location and have access to this rich suite of services. As the Corpus Christi case study highlights, the 
city is using their pervasive network to attract a range of new service providers to deliver just such 
services, and see the revenue opportunities that would accrue to them while benefiting the 99.6% of 
businesses in the city who have less than 50 employees 
This demonstrates the relationship between the application and service delivery component of the CCS 
framework with the development strategy of the city, and the business requirements of the private 
sector users. 
5.1.3 Increasing the Efficiency of Local Service Delivery 
Mobile and field force workers represent at least a third of the work force in local government and 
mobile applications are reported as delivering productivity gains of 20% to 30% (Wireless Internet 
Institute, 2005). However, substantial gains in productivity are achieved through re-engineering the end 
to end delivery of those services, not just by web or mobile enablement of existing services 
Earlier in this section I highlighted the benefits for field force workers in business. It appears to be no 
different in the public sector, where mobile workers may constitute a third or more of the local 
government labour force. And in some cases it may be much greater as we saw in the case studies 
where one city had around 70% of its employees, field based. 
The case studies show that cities are far from homogeneous and within the commissioning process 
there are competing demands from different actors as to which applications and services they should 
begin with. This is typically resolved by the deployment of those applications where there is 
significant direct and early impact, as well as those where the city, or a particular city department has 
the most direct local control and can gain direct and measurable benefit from its deployment. This 
helps resolves the potential conflict between stakeholders in the commissioning actor network. The 
main applications and services in this category include transportation and traffic management, public 
safety, healthcare, emergency response meter reading, CCTV Surveillance. There may be many 
additional applications that the city is interested in deploying, for instance equipping building 
inspectors with PDAs and digital cameras to record site inspections and reduce delays in the 
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construction cycle. But, by rolling out one or more of these principle applications, the basic network 
infrastructure and platform deployments can be justified, and the incremental cost of adding further 
functionality is modest. A good example of this was the Automatic Meter Reading (AMR) deployment 
in Corpus Christi, Texas. With this infrastructure in place they were then able to move on to deploy 
many more applications. 
CCTV and Surveillance: the cost of deploying a CCTV camera using a wireless cormection and the 
subsequent network operating costs are far lower than a DSL or Cable connection. Because roads need 
not be dug up to lay fibre, mobile cameras cost about a fifth of fixed ones, and they can be moved to 
hot spots that develop over time allowing a far more flexible as well as efficient deployment model. 
Security is a concern naturally due to potential radio-frequency jamming but with appropriate 
technology and overall design this risk versus a fixed network model can be minimized. This is 
reported by Westminster City Council (Baylis, 2006) 
Automated meter reading: AMR not only cuts the cost of field visits, reduces issues of estimated or 
disputed bills and fraud, but also allows constant monitoring of the network and optimization of supply. 
This has environmental as well as efficiency gains and with automated and remotely operated valves 
the distribution network can deliver improved quality of service to end-users as well as lower operating 
costs to the municipality or utility operator, as described in the Corpus Christi case study. 
Code Inspectors: We saw how at Corpus Christi building inspectors were equipped with digital 
cameras and PDAs and could photograph work on site, complete the documentation before leaving and 
provide the photographic material and reports to the client or contractors to speed up resolutions of 
non-compliance with codes. This reportedly saved 25% on the building cycle, and whether it's building 
codes, health and hygiene codes in restaurants, these technologies can certainly aid city, authorities in 
code compliance 
Health Care and Social Service Delivery: Corpus Christi and Karlskrona report how equipping 
nurses, care workers, and emergency services with intelligent devices improve the productivity of the 
work force. More importantly however, they can transform the quality and effectiveness of the service 
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itself. First on the scene responders can have information on exactly H'here to go from geographic 
information systems with detailed layouts of buildings. They also have access to medical records, so 
vital treatments can be carried out before the patient gets back to hospital. And on a purely 
administrative level, they can provide efficiency savings in scheduling calls, reporting case notes, and 
providing accurate information to the patient or client. 
Traffic Management: Linking traffic lights; providing telematics to help in the maintenance and 
management of fieets of city vehicles, buses and trams; providing real time information to commuters 
using public transport or in their cars; congestion management; and parking enforcement; these are just 
some of the techniques that cities are using today to operate more efficiently. We saw examples of this 
in the Stuttgart region as well as Corpus Christi, Texas and other good examples include Westminster 
in London. This is a strong payback area and there are significant financial savings reported by cities, 
as well as greater flexibility by delivering the service using WiFi instead of dedicated DSL lines from 
bus stops, traffic lights, depots etc. 
This show how within the CCS framework, city authorities can be both the commissioners as well as 
the consumers of the services, as different city departments use the system and exploit the services it 
offers. It also shows the relationship between the application and service delivery layer, the governance 
model of the city and value it delivers to the end-user consumers, as well as the client departments 
within the city 
5.1.4 Transformation of Community Services 
Cities are striving to transform the quality and scope of public or community services to reflect 
increasing economic and social pressures driven by demographics, local government financing and 
societal changes. 
Many cities, including those in the case studies experimented at the start of this decade by using the 
internet to provide information on existing community services, or gain access to self-service 
applications. However, applying a tactical web front end on existing services so they can be accessed 
over the web and deemed a self-service application was unlikely to deliver the anticipated gains fi-om 
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web-enabling public or conimunity service delivery, and this is what they found. Such an approach is 
similar to the early days of e-commerce when say a web-enabled, consumer front end was applied to 
the existing supply chain applications. Companies like Amazon who designed an end to end service 
prospered, while so many others failed because the web added so little value. This is also the situation 
with too many of the community services that have been web-enabled in this analysis. The research 
found evidence that paper forms had been translated almost one to one on to the web, with little impact 
on the back end service delivery. The case study of Shoreditch and its Digital Bridge initiative 
recognised that such systems were difficult to use, provided little extra value to the citizen or 
consumer, and were likely to overload help lines with calls from the few people who actually attempted 
to use them. Hence, their approach involved a much deeper transformation of the design of services, 
their access and delivery. 
The context for service provision has also evolved as many of the traditional services provided by the 
city's own workforce have been outsourced to private service providers. Requests by end-users to the 
local authorities for community services are relayed, often indirectly, to the private service provider, 
and resources from the city constantly monitor the quality and timeliness of service provision to ensure 
compliance with agreed service levels. In Shoreditch for instance, the service level is that graffiti must 
be cleaned from the wall within a week of reporting or a vandalised car removed within 72 hours. The 
Digital Bridge project in Shoreditch illustrates the need for and the value of a more joined up approach 
to service delivery. It is in a more integrated approach to transforming the overall process for public 
service delivery, enabled by ICT, that savings can be made, the community engaged in the process of 
service delivery, and the solutions can be scaled as community engagement drives higher levels of 
reporting. 
This illustrates the connection between the applications and services enabled by the technical system 
within CCS, the governance of the city, the services it provides and the relationship with the consumers 
networks of actors, including both the client facing departments within the city authority, the private 
sector firms involved in service delivery and the end-user consumer - the citizen. 
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5.1.5 Social Capital Cohesion and Inclusion 
Cities are seeking to enhance social cohesion and inclusion through the deployment of ICT enabled 
services and the provision of pervasive broadband access 
The case studies in Barcelona, Shoreditch and to a less extent at Karlskrona focused on this issue as 
one of the primary drivers in their deployment of pervasive broadband networks and related services. 
The literature highlights evidence of link between age, employment status and education in the use of 
the internet in Europe, and in rural areas. Lack of broadband as well other factors exacerbates these 
differences. (OECD, 2005) 
The digital divide is substantial and an analysis across the European Union in 2004 showed that only 
25% of those with at most lower secondary education used the internet during the first quarter of 2004, 
while the proportion rose to 52% for those who had completed secondary education and 77% for those 
with a tertiary education. Similarly just 13% of the retired used the internet, compared to an EU25 
average of 47% for individuals aged from 16 to 74. (EU Report, 2005). In the UK the digital divide is 
viewed as one of the major issues we face with the transition to an increasingly knowledge based 
economy. This was taken up by the British Government with the Digital Challenge programme in 
2005, and in the Digital Britain Final Report (2009). A study by Mori's Technology Tracker showed 
that in August 2005, just 33% of respondents from socio-economic group D/E had used the Internet 
anywhere, compared with an average of 59%. And the Office of National Statistics (ONS) reported that 
in 2002/03 only 12% of UK households in the lowest income decile had access to the Internet, in 
contrast to 85% of households with gross income in the highest income decile group. Even in one of 
the world's richest cities, 40% of children are living below the poverty line in London and this is 
concenfrated in a small number of London boroughs. The digital divide and issues of social exclusion 
are most evident in the poorest sections of the community. Commenting on a report that the level of 
child poverty in Britain was the worst in Europe, Secretary of State John Hutton stated in March 2006, 
"Now we must redouble our efforts to ensure we reach our goal, focusing on all the drivers of social 
exclusion that hold people back from achieving their true potential". 
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Wireless internet combined with the smart delivery of services, as evidenced in the Shoreditch case 
study, is perceived as an important means of bridging the digital divide. Moreover, when a network can 
be deployed, justified by other service delivery and cost benefits, then the cost of extending services to 
the disadvantaged becomes a modest incremental cost. But it is when the network is combined with 
compelling content, is made highly accessible and imagination is brought to bear, then the greatest 
gains are evident, as can be seen in the Shoreditch case study. 
This proposition demonstrates the link between the social capital component of the CCS model and the 
application and service delivery component. 
S u m m a r y of Benefits 
The CCS framework includes the application and service delivery component. This component 
transforms the technical system's capabilities into value for the business sector, public sector 
organisations and private users. The application and service delivery priorities'are influenced by the 
commissioners' capabilities and strategy, the consumers' needs, and the service providers' capabilities 
and capacity. The following table summarises the application and service delivery priorities expressed 
by the case study cities and categorised according to the potential or perceived benefits that are 
motivating the cities. As some of the applications relate to more than one of the motivational areas, I 
have summarised them according to applications relating to attracting and improving business, 
transforming or improving public services, and those related to social capital and cohesiveness. 
Motivation Application Priorities 
Attracting and Improving Business Pervasive Broadband Access 
Business Services Portal(s) 
Managed Network Services 
Managed Infrastructure and Application Services 
Transforming and Improving Services Security and Surveillance 
Traffic and Parking Management 
Intelligent Transportation 
Energy Management 
Emergency Services 
Code Compliance - Health, Building Regulations etc 
Enhancing Social Capital and Cohesion Wireless Access 
Community owned networks and content 
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Education and Training 
Healthcare Delivery including Assisted Living 
Social Services 
Benefit Claims 
Leisure services 
Crime Management 
Table 5.4: Summary of Case Study Findings: Application Priorities 
The application and service delivery priorities are an important component of the CCS framework. The 
priorities are determined by the commissioner actor network through a governance process described 
within the CCS framework, and this may be consultative and as we saw in Shoreditch, involve intense 
consumer participation. Or, it may be a very open approach where innovation is sourced from 
consumer actor networks and actively promoted by the service provider actor network, as in the case of 
the deployment in the healthcare applications at Karlskrona. 
5.2 Common Challenges 
In the previous section I examined the potential benefits that were motivating cities in the deployment 
of digital technologies and have shown that there is a wide variation in the motivations, strategies and 
outcomes of city initiatives to transform their infrastructure and related services. However there appear 
to be a number of common challenges that emerge from an analysis of these case studies and other 
documented material on municipal networks. The challenges I consistently identified in the case 
studies were: 
' Capabilities of public sector to develop, build and operate pervasive networks and services 
* Developing a sustainable business model 
" Gaining cross-departmental buy-in and cooperation or lack of it 
* Service transformation not simply wireless or web enablement of existing services 
" Ability to create compelling content and services and engaging and involving the community in 
determining the content, the services and the priorities 
" Deployment and accessi'^ility across the community 
» Governance and ownership 
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The success of technical systems will ultimately depend on the nature of the user experience and the 
value that business and individual consumers perceive. This is the uppermost layer of the CCS 
framework, but beneath this layer we have the applications and services and the technical system itself 
set within the broader CCS framework. Transforming the city's strategy for the system into a 
successful deployment that delivers value is challenging. By examining the challenges highlighted in 
the case studies we can better both confirm the validity as well as understand better each of the 
components within the CCS framework. We can also identify which are unique to the specific city 
context and where common patterns are evident. 
I will now examine each of these challenges in turn and relate them to the evidence from the case 
studies and the relevant literature. 
Capabilities of Public Sector. The success or failure of major technology projects in public or private 
sector organisations is dependent on the capabilities and capacity of the organisation defining the 
project and their resources, as well as their partners and suppliers resources responsible for its 
execution. Clearly with projects such as municipal broadband networks and related services, these 
factors will be relevant. In the literature review I highlighted the capabilities of the firm (e.g. Penrose 
1959; Teece et al 1997; Grant 2002) which emphasises that the success of organisations and their 
expansion with their existing technology or market base, is dependent on the increasingly specialised 
characteristics and utilisation of their resources. This view also describes how organisations entering 
new market places or new fields of technology need to be able to mobilise and redeploy their resources 
with agility and speed, and this contributes to their innovation capacity. This approach refers to the 
technology base and the market base of an organisation. Technology Base refers to an organisation's 
competencies in research development and production of technology based products and services. The 
Market Base addresses the organisation's insight and understanding of new clients' needs, its ability to 
develop relationships and its sales and distribution operations and as organisations introduce new 
innovations to the clients or citizen's the serve, they need a combination of both of these capabilities. 
(Penrose, 1959) 
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The challenge for City Authorities and their agencies is to have not only the resource base to examine 
the needs of their municipality or district, but also to have the technological capabilities in-house or the 
capabilities to efficiently select and outsource this activity to a partner or partners. 
In almost all the case studies the commissioning actors, except notably for Barcelona, and their in-
house IT departments have little experience of these new technologies and organisationally are only 
resourced to provide the base line services rather than have incremental resources standing by to 
introduce new capabilities. They cannot easily be both part of the commissioning network and the 
service provider one unless they have the requisite capabilities. Similarly the benefits from deploying 
these new capabilities, as we saw earlier, depend to great extent on transformation of processes and 
modes of operation of existing city services. This cross-functional dependency adds further complexity 
as an organisations capability to mobilise and redeploy resources across departmental boundaries is 
challenging even in the most autocratic of organisations. This is evidenced by the comments of Mayor 
Newsom of San Francisco who stated in August 2007 that the critics of the proposed partnership with 
Google and Earthlink "are unrealistic about the city's ability to run its own system". It is further 
reinforced by Corpus Christi's decision to sell its wireless network assets and outsource operations to 
Earthlink, as did Stuttgart and Karlskrona with the Cloud Networks, and by the City of London's and 
Canary Whar f s decisions to work with a partner from the outset, realising the limitations of their 
capabilities. 
Developing a Sustainable Business Model, the case studies at Shoreditch, interviews with Newham 
and Norwich in the UK demonstrated the challenge of sustainability. We saw their need to find a 
partner or in the case of Digital Bridge at Shoreditch a firm that would buy the company. In the case of 
Corpus Christi and Stuttgart, the City Authorities transferred ownership and or management of the 
network and its assets to a partner as they were unable to get a publicly owned and managed business 
model to close. Nor did they have the capabilities or telecommunications license to develop the service 
themselves. Westminster found what it referred to as a "killer application" in parking enforcement but 
the centre of London with over one million visitors per day and parking fines of £27 million per year, 
along with high public acceptance of CCTV is not an easily replicated environment. In summary, the 
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city authority or agency, in its role as a commissioner needs to have considered a sustainability strategy 
as part of the governance component of CCS, 
Gaining Cross-departmental buy-in and cooperation : in the absence of a single killer application, 
funding may initially be available from a central government initiative such as Social Exclusion 
Programmes, in the UK, the Digital Challenge and Preventative Care Technology grants, or e-
enablement of community services; however these by their nature, are one-time grants and are not 
sustainable. Therefore the challenge is to get agreement from all the affected stakeholders to surrender 
part of their budget to such an initiative on the basis of cost savings they will make. The problem, of 
course is that the budgets for many of the groups who benefit, for instance transportation, social 
services, education, traffic management, police and emergency services, may not be under the control 
of the city or district/borough authority. Moreover, if they are, there will be difficulty in trying to reach 
consensus on moving forwards with a revised business plan. This eluded several of the London 
Boroughs which were subject to my research and has been remarked upon by other cities. The 
approach used by Stuttgart is a good example of the different departments implementing a governance 
model that involves all of the parties. The city authority and its agencies, and the multiple departments 
within the city all go to make up commissioner actor network I describe within CCS. They are all 
stakeholders in the strategy and outcome, many of them may also be users of the system or service and 
they are far from homogeneous as a group of actors. 
Service Transformation'. Shoreditch and Westminster are examples where the end to end 
transformation of the service delivery model has resulted in a radically improved service quality and 
effectiveness, or where the efficiency of the service has been transformed by having, in the case of 
Westminster, a field worker cover multiple street activities rather than operate with a silo'd workforce 
where each uniform of the field force denotes reflects a single task they will perform. Vic Baylis, 
Director of Customer Services Westminster City Council referred to this as service transformation 
linked to "cultural change" and the delivery of "integrated street management". 
The British Government's National Strategy for Local e-Govemment programme provided £675 
million (2001- 06) to help all local authorities in England to electronically enable all their priority 
services by December 2005 (Office of the Deputy Prime Minister, Local E-Govemment Report, 2003). 
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However when one examines the impact of this on services, it evident that much of the enablement for 
e-service delivery has been akin to the private sector's early exploitation of the internet: putting 
existing printed forms on the internet rather than transforming the end to end delivery of the services 
they offer. The issue that local government officials such as Vic Baylis and Steve Pennant, Director of 
the UK Digital Challenge, Department of Communities and Local Government point out is that the task 
of radically transforming services cuts across departmental boundaries, often involving resources 
beyond the direct employees of the council. It involves process redesign, often complex transformation 
of information systems that support the delivery of the service and a large scale deployment effort 
involving many stakeholders. And with government targets for e-enabling these services, the tendency 
was to transform the iront end delivery of the service for the internet rather than the end to end 
delivery. As in the adoption of other new technological systems, such as the replacement of the steam 
engine for the water mill or the electric motor for steam engine, major gains in output were not 
achieved from the substitution of one form of motive power for another, but from the transformation of 
the plant, machinery, processes, production line and organisation of manufacturing (Hughes, 1983; 
Nye, 1989); and so it appears with the transformation of service delivery. 
Creating Compelling Content and Services: Attracting users and engaging them with compelling 
content has been a consistent challenge for municipal and local authority websites and portals. An 
analysis of unique visits per day to municipal websites in the UK and frequency of usage by SOCITM, 
(2006), illustrates the need to maintain dynamic and engaging services and regularly promote the 
website through advertising so as to build and sustain usage. There are several examples of this in the 
case studies, the municipal broadband network at Karlskrona during the first 2 years had very low 
usage according to Peter Larsson, Director of Wireless Cities and it was not until the network was 
opened up to multiple service providers that usage grew as more compelling content was deployed on 
the network. In Stuttgart the lack of awareness and visibility of hot spots for the wireless network 
means that the mobile portal is accessed twenty times more frequently by fixed rather than over the 
city's wireless network according to Holger Bach, Director of Mobility Services for the Regional 
Economic Development Authority; and in Barcelona Jordi Sacristan, Director of Marketing for the 
22@District, Ajuntament de Barcelona explained how internet usage is low in Spain with the high cost 
of Broadband and their static website is not engaging and needs to be transformed to a web 2.0 
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approach involves users. 
An example that illustrates the need to maintain a continuous marketing effort comes fi^om the UK and 
an awareness campaign by the UK Government in 59 Local Authority districts. Users were asked 'How 
did you become aware of this site?' in which one possible answer was 'heard/read about it in the 
media'. In February 2006, this answer accounted for just 2.5% of responses, but by June, just after the 
campaign had started, they stood at 30%, In July they fell back to 13,5%. (SOCITM, 2007) This 
illustrates not only the importance of advertising and promoting the services, but also sustaining this. 
This same survey also identifies what is the most frequently sought content or applications. Job 
vacancies remains the most frequent reason for visiting council websites (14.76%) according to this 
survey, and this is bom out by a similar study in Sweden, Engaging and involving the community in 
determining the content, the services and the priorities so that it creates a sense of ownership within the 
community are points stressed by James Morris, CEO of Digital Bridge, Shoreditch Trust, Hackney 
and Richard Stubbs of Newham. Both of these London Boroughs ran multiple workshops to engage the 
community in determining the priorities and focused on highly local content, delivering it not only via 
a PC and an internet browser, but also creating special content using digital TV. 
Deployment and accessibility across the community: Some of the neediest users of the services 
provided by municipalities are the ones who are most challenged by the digital technologies and using 
a PC. In Barcelona the Virtual Memoria programme and Xarxa Familia are examples of programmes 
trying to reach into the homes of the young and the old. And, a network of ICT workshops has been 
deployed across one of the poorer districts of the city, St Marti. There are similar projects in 
Philadelphia such as the Digital Inclusion Program at the People's Emergency.Centre. This is in a city 
where 820,000 people live below the poverty line (Promise of Digital Broadband, 2005) and in the 
district of West Powelton/Saunders Park they can reach out to 200 people per night who use the 
emergency centre, and have installed over 100 PCs in dwellings, supported by University Students. But 
the challenge of many of these programmes is scale. The Virtual Memoria programme reaches out to 
40 senior citizens, and over 100 PCs have been given to local associations, but as Noura Bousdira who 
runs that programme for 22@ explains, extending the programme on a much broader scale is not 
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realistic for them as their resources would be overwhelmed with the required support. A technological 
solution was found with Digital Bridge in Shoreditch where digital TV was used and a portal created 
that was highly accessible using a set top box and a regular TV. The usability was crucial according to 
James Morris of Digital Bridge in raising the level of internet usage in those homes from around 6% to 
around 60% accessing the internet on a daily basis for at least one session of 40 minutes or more. But 
Morris also makes this point. "Accessibility goes hand in hand with affordability. You can make a 
service easy to use, using equipment that everyone's familiar with, the TV, the set top box, the remote 
control; but unless you offer broadband access that is affordable and packaged or bundled with other 
services such as cable TV, it's not going to be taken up"(Interview, 2007). One country that did 
execute a massive programme of ICT awareness and training is Korea. Taylor Reynolds and Jeong Jin 
Kyu of the Strategy and Policy Unit, ITU (2004) presented a report on shaping the future mobile 
information society and explained how over 10 million people in Korea were given IT training and 
subsequently have become more savvy technology users and buyers. They explained that in response to 
the Asian financial crisis and the IMF conditions for aid, many Koreans lost their employment during 
restructuring. The Korean government decided to create a programme that would give unemployed 
people ICT training and the initial programme was targeted at 200,000 women, at that time outside of 
the workforce. However the demand for the programme far exceeded the government's expectations. 3 
million women applied for the programme, which was eventually extended to include IT training for 
men. Post offices and vocational institutions were opened for free IT classes. Funding for this came 
from the 1% levy on telecommunications operators by the Korean Government. 
Governance and ownership: As we saw in chapter 2, the invention of electrical and then telephony 
networks of the late 19"" century represented disruptive technologies to the energy utilities and postal 
and telegraph operators, and their impact was uncertain, and the technology and any capital investment 
appeared fraught with risks. The result was that the private sector was encouraged to make the initial 
investments, with regulation that allowed a degree of private competition for a limited period and the 
option for the public sector to subsequently acquire the assets. Different models for public private 
partnership were developed some of which inhibited the growth of such networks such as the case of 
the UK and the fragmented model in London. Other partnership models such as the ones deployed in 
Berlin, Philadelphia, and Chicago accelerated the deployment and growth not only of the electrical 
networks, but the industries that provided the equipment for generation and transmission, the electrical 
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appliances that exploited this new source of power in the home or for industrial use, and the 
commercial, professional and public institutions that gave momentum. As commissioners of new 
systems, city leaders play an important role in defining the overall strategy and value of the network, 
and creating a coalition of often competing groups within the city authority by issuing a rallying cry for 
these initiatives. They can highlight the strategic and social value of such networks, as Governor 
Gifford Pinchot of Pennsylvania remarked of Giant Power, a 19"^  century public service enterprise to 
deliver electricity across the state.... "Giant Power is a plan to bring cheaper and better electric services 
to all those who have it now, and to bring good and cheap electrical service to those who are still 
without it. It is plan by which most of the drudgery of human life can be taken, from the shoulders of 
men and women who toil and be replaced by the power of electricity". (Nye, 1998) 
The challenge facing local authorities and municipalities as they seek to deploy digital technologies 
and services, and exploit technologies such as WiFi and WiMAX resembles the same challenges and 
issues facing their predecessors 120 years ago, while the regulatory environment is similarly complex 
and open to challenge. The later chapter on implications for policymakers and practitioners explores 
the different ownership models. However, today's municipality needs to consider the real value of 
offering way-leaves - or rights of way - to operators; the extent and level of revenue and profit sharing 
with a selected partner; the period of exclusivity in the relationship, if at all; its position on anchor 
tenancy and its willingness to use any service provided for its own workforce and needs; the social 
needs to extend the service to all sections of the community and the marketing and pricing policy that 
supports inclusiveness of the service; the openness of the network and the extent to which the operator 
will act with neutrality when it comes to the delivery of services over its network, or interconnections 
with firms that it deems a competitor. These are all issues that cities fi-om Asia to the US, are pondering 
upon, and which leading service providers such as the Cloud Networks in Europe and Earthlink in the 
US are being exercised as both parties seek to develop sustainable business models. 
Summary of challenges 
The seven challenges described here are consistent with those experienced in major urban 
infrastructure projects since the beginning of the industrial revolution and the deployment of large scale 
technological systems; from electricity and telecommunications to digital broadband and municipal 
wireless networks. These challenges arise in different components of the CCS framework and are in 
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turn addressed by each of the relevant types of actor. However, they are of special importance to the 
commissioning network in their planning and crucially the policy integration of the city's digital 
initiatives. LTS predicts many of these challenges though the form may differ from the 19* century, 
and as the analysis shows, cities digital infrastructure is as prone to them in the 21" century as electrical 
networks a century earlier. 
5.3 Summary 
Early in the research I undertook a quantitative analysis which is included in Appendix D. This showed 
that there was a relationship between broadband usage and key socio-economic indicators. However 
there was a high variance between cities which strengthens the argument fi^om- the case studies that 
other factors related to the nature of deployment of such technical systems, the form of their 
exploitation, the integration with other planning and policy measures, the geographic or spatial context 
are also be at work. This highlights the need for a conceptual framework for cities that goes beyond 
LTS theory and through the use of grounded theory and multiple iterations the CCS framework 
emerged. From the case studies we see that the explanatory factors included in the CCS framework not 
only shape the nature of the system that is being deployed, as accords with LTS theory, but that there is 
powerful interrelationship between these factors as demonstrated in the case studies. 
This strengthen the argument for a framework that combines the different factors at work in a city, as 
well as the specific networks of actors and their interactions and which is also incorporated into the 
CCS framework. The potential benefits that are motivating cities and the way cities address the 
challenges identified will shape the design and deployment of the technical systems and the benefits 
that are actually realised. CCS provides a framework that can help us better understand this process. In 
the next chapter, I examine how this evidence informs the components within the CCS framework, and 
the interactions between the actor networks. 
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6. Theoretical Contribution 
6.1 Introduction 
In Chapter 5 I drew parallels between the development and deployment of pervasive broadband 
networks including municipal WiFi and related services, and the invention and deployment of electrical 
and telecommunications networks a century earlier, and demonstrated the applicability with the 
Hughesian model for the deployment of digital technologies in the city. Taking the city or district as 
the unit of analysis, I proposed an initial conceptual framework, suited to the analysis of cities that 
builds upon the LTS. I referred to this a Complex City Systems or the CCS framework. 
In this chapter I discuss how the case studies and a reinterpretation of Hughes (1983) through the lens 
of the city plus other contributions on the LTS model, reveal the importance of a specific group of 
stakeholders on whom the success or failure associated with the rise of a new technological system 
may ultimately depend. This group constitutes a network of actors whose role is to answer some of the 
questions raised in the gap analysis. I propose that organisations play a much greater role in the 
successful development of new systems than the agency-based actions of individuals in LTS theory. 
This chapter concludes with an extension of the CCS framework developed earlier to show how it 
enhances the application and effectiveness of LTS in the emerging field of smart cities, and enables the 
development of new insights on technical systems innovation. 
Relationship between Distinct Communities of Actors and LTS 
The infrastructure of a city involves several LTS, each of immense complexity. My research focuses on 
one of these systems, digital broadband networks and related services. The digital services sit alongside 
a city's other technical systems providing energy, transport, waste and water amongst others. I have 
described a series of distinct communities of actors that consume the services offered by the system, 
provide the system, or are the commissioners of the system, and all of these draw upon various resource 
networks within or beyond the city. Figure 6.1 depicts the actors and technical systems matrix and the 
intersections between each system and the consumers, providers and commissioners. I describe a meta-
network that may be external to the city, and may even be international. Within the CCS framework 
this meta-network takes on the role of organising the technical system and the network of upstream and 
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downstream providers, promoting the value of such networks to consumers, and guiding or at least 
influencing the commissioners in their system deployment and exploitation strategy. The proposition I 
develop in this section addresses the roles and interplay of these actors, especially this organising or 
meta-network of actors and its contribution to determining the successful outcomes of LTS and 
addresses the questions raised in the gap analysis. 
o 
u < 
Consumers 
Providers 
Commissioners 
Large Technical Systems 
Figure 6.1 LTS and Actors Matrix 
As Hughes (1983, p. 204), acknowledges, "growth was not fore-ordained; it was usually promoted. 
Special note was taken of the process by which a new system emerged as a result of the failure to solve 
a major problem in the old system. At the end of this process, the old and new systems existed for a 
time in a relationship of dialectical tension". The question that is not fully articulated in LTS is who 
does the promoting, and what is their motivation? Who is taking note of the failure to solve major 
problems in old systems, and how are these major problems parsed into elements to be resolved? And 
who, in turn, will solve those problems and how are they selected? Constant (1987) points out that the 
LTS model leaves these questions unanswered. He asks how the reverse salients are parsed into 
solvable critical problems and comments that while some problems can be resolved easily, the more 
complex problems or "recalcitrant reverse salients" need to be deconstructed, and may require multiple 
iterations and the extensive engagement of multiple communities, organizations and institutions. He 
continues with this organisational question, adding that the Hughesian model does not specify how 
successful parsing of systems or functions within those systems was divided amongst organisations. 
Davies (1996) highlights that by emphasising that technical systems are socially constructed, Hughes 
invokes voluntarism, stressing contingent issues of action - choice, decision and purpose - over those 
207 
of structure which operate independently of human agency. So to what extent are organisations playing 
a significant role in the earlier phases of a system's development, adoption and growth, versus the 
individual? My research seeks to understand is whether the key actors are the systems builders -
Edison, Insull, Merz, Von Miller and other individuals who played seemingly pivotal roles in the 
development of LTS, or was there a formal or informal organisation or actor network that played this 
role, and what did they do? 
The first part of this chapter considers these questions and proposes an extension to LTS with an 
alternative view of the role of organisations and the relative importance of the individual. In the second 
part I formalise the CCS framework to examine the different actors involved and identify the crucial 
role of a specific group of actors, a meta-network, responsible for developing and choreographing the 
overall socio-economic and technical system, and building or maintaining that system's momentum. 
6.2 Extending the Hughesian Model of Complex Systems and LTS Theory 
I first briefly reprise the LTS model and the relative roles of the different stakeholders in systems 
technological invention, innovation, transfer and growth. I consider the role of the individual and then 
reflect on the roles of organisations in each of these phases and in the achievement of technological 
momentum and systems maturity. This leads to an understanding of a very specific set of stakeholders • 
a meta- network of actors that plays a pivotal role in overall systems development. 
One strand of the LTS model is associated with the development of a technological framework that 
integrates successive technological components into complex systems as explained using the example 
of electrical networks. It describes the roles of individuals such as Rathenau, von Siemens, Merz, 
Ferranti, von Miller, in the transfer of these technologies internationally. The growth of these systems 
was characterized by specific reverse salients in the advancing technological front and we have seen 
that Edison was faced with simultaneous economic, political and technical challenges (Callon,1987). 
At each stage in the development of LTS a different style of problem solver was required and the LTS 
literature highlights the emergence of the inventor-entrepreneur (Edison), manager-entrepreneurs 
208 
(Insull), and engineer-entrepreneur (von Miller). LTS points to the role of the organisation as being 
more important as systems gather momentum with the emergence of a specific culture of technology 
composed of distinctive values, systematised knowledge, large scale institutions and the career 
commitments and investments of practitioners (Hughes, 1983). 
While LTS addresses the relationship between individuals and organisations, it is the individual, until 
the later stages of systems development, who has primacy. Hughes (1983) emphasises, that at almost 
every stage, they are the prime actors whose individual actions and leadership .propel the propagation 
of the systems. He considers the complementary role of the organisation, but stresses its importance 
only as momentum builds and systems mature. 
The view that emerges from the initial development and growth of broadband, municipal wireless 
networks and related services, especially movements such as Wireless Cities, is one of communities of 
stakeholders, working in organisations and competing in social networks, rather than the emergence of 
inspired individuals. The development of these technologies and the resulting systems, their pioneering 
adoption and subsequent exploitation in hundreds of cities, appears to be rooted in firms and 
institutions, and based on the collaborative efforts of many stakeholders, rather than individual 
endeavour. So was it very different a century ago? Is there an alternative view we might consider? Is 
there a reinterpretation of the importance of organisations, an extended group of closely related 
stakeholders that complement these individuals? This points to organisations not just individuals 
playing a crucial role at every stage in the maturity of large technical systems, not just as they reach 
maturity. 
The analysis of the development of large scale systems, electrical, telecommunications and most 
recently municipal broadband networks, shows that each of the components that make up the 
technological system, has its place in a value chain. And that value chain transforms technological 
capability into functional value, which in turn is translated into user value. At each stage resources and 
investment are required, and different actors generate business value. If the value generated at any one 
stage is insufficient to justify the resources or investment required, then the system is unsustainable. 
Every stage is in effect transactional. As Hughes (1983) comments, success is not pre-ordained, it has 
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to be promoted. And we can see that all of the stakeholders involved at each stage have alternatives, 
but that moving resources from one system, perhaps an older system, to another newer one will be 
undertaken only when the returns from the older system are diminishing, or the promise of greater 
returns from the new system outweighs the risks. 
Upstream and Downstream Networks in the System 
Chapter 2 describes the rise of electrical networks as dependent on an upstream network of partners 
providing the infrastructure of power plants, generating equipment, distribution networks, rotary 
converters and transformers and downstream networks of systems integrators, wholesalers, engineering 
consultants, electrical retailers, end-user financing promoting these systems. Hughes describes the 
complex system as being made up of components, the networks in which the components were 
organised and the network control mechanisms, but these are the technological elements of the system 
and the upstream and downstream networks described above must also be considered as part of the 
system. Successfiil deployment was dependent on the existing and effectiveness of a service provider 
actor network operating both upstream and downstream. I explained how London lagged fell behind 
Berlin and Chicago because of a fragmented approach, borough by borough, that did not enable the 
development of the upsfream and downsfream networks. The case study cities are facing similar 
challenges in the implementation of their digital initiatives. 
The upstream and downsfream elements of a system need to be in place for the system's successful 
commercialisation, and each element has to be viable technically, economically and socially, delivering 
appropriate returns to its stakeholders. The absence of WiFi or WiMAX end user devices and handsets 
for VoIP and other data communications is currently impeding the exploitation of municipal wireless 
networks; the challenge of creating economically viable models for such networks, in cities such as 
Norwich, Shored itch, Stuttgart limits their deployment or threatens their future; the lack of content and 
applications that offered end-user value in Karlskrona during the first two years of its deployment 
needed to be resolved before the community started to exploit the network; and all of these challenges 
are evident in the City of London's WiFi network where a few months after its launch poor promotion 
and lack compelling content and end-user devices led to low levels of usage and an unsustainable 
business model. Hence the statement that a viable system depends on each and every link in the value 
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chain, upstream and downstream, being in place; and that it should be technologically and 
commercially sound, and generate returns to every stakeholder. 
Formulating and constructing the upstream and downstream components of the system does not arise 
by happenstance. It requires expert and inspired individuals, but it is organisations that execute, and 
organisations that design, structure and promote this value chain. The ones most motivated to do this 
are those that have the most to gain in economic or social terms, and who have the combination of 
technological, financial and social capabilities required to undertake this role. In Chapter 2, and in 
greater detail in Appendix A, I describe the crucial role played by Grosvenor Lowrey, Edison's counsel 
and of Drexel, Morgan and Company and JP Morgan. Morgan had experience in complex systems, 
from Western Union Telegraph where he first met Edison, to US Rail where he owned over 5000 miles 
of the network. Morgan also was an early investor in the National Bell Telephone Company, later to 
become AT&T, who's first General Manager was previously employed in the US Rail Mail Services. 
The Morgan Banking Group appointed Theodore Vail as President of AT&T, after he resigned from 
Bell in 1887, to secure the success and growth of the business. The successful commercialisation of 
Edison's laboratory inventions and accompanying upstream and downstream innovations, demanded 
the type of sophisticated management organisation that these technologically astute financiers were 
familiar with from earlier experience with telegraphy, telephony and railroads. 
The role of a techno-financier meta-network in the adoption of LTS 
There is a need for both multi-disciplinary organisations and a pro-active role of the investment banks, 
Hughes describes the formation of holding companies influencing, even controlling the development of 
the upstream components system by taking positions in components and electrical equipment and 
appliance manufacturers. And these organisations exhibited the same influence and control of 
downstream components, taking up equity and voting stock in the utilities themselves and supporting 
the engineering consultants who helped firms in their transformations to exploit these technologies. 
Freeman and Perez (1988) describe how everyone in the value chain from suppliers to consumers has 
to adapt and that such adaptation usually involves a reshuffling of the relative positions of all the 
players, the elimination of some and the emergence of others. They propose that each technological 
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system involves the development of surrounding services, infrastructure, specialised suppliers 
(upstream), cultural adaptation to the logic of the new and interconnected technologies by engineers, 
managers, service and sales as well as consumers, (downstream) and finally the setting up of 
institutional facilitators - from rules and regulations, to standards and specialised training and 
education agencies. They add that the economic, cultural and institutional environment is not passive 
and in turn shapes the requirements of the technological system. What they do not explain is who or 
what is developing those services, promulgating the cultural and institutional adaptation, facilitating or 
even building the new organisations. Is it a self-organising system or are there a set of actors working 
in formal or informal networks that are attempting to shape or choreograph it? 
I propose that what emerges as the primary enabler of LTS is this techno-fmancier meta- network 
which incorporates the technological and financial capacity to develop the upstream and downstream 
components of the value chain, energise it through the insertion of finance, integrate it through 
management, and is motivated by the returns that can be generated, while participating in every stage 
in the value chain - from the development of the network operations support systems and WiFi mesh 
networks in the case of broadband, to the smart devices and applications that deliver value to individual 
and business consumers. This is evident in the digital broadband networks of cities which have 
emerging coteries of large service providers, such as BT, IBM, Intel, Cisco, and Motorola. And these 
firms are building around themselves a constellation of smaller partners to deliver solutions for 
initiatives such as IBM Smart Cities and Smarter Planet (IBM, 2009), BT Wireless Cities (BT, 2009), 
or Intel's sponsorship of the Smart City Forum. The meta-network is both shaped by and shapes the 
technological system and responds to and influences the socio-economic system. We can see evidence 
of this in the case studies, and in recent events including initiatives by IBM and others, and in the 
literature especially reinterpretations of the complex systems and LTS work. 
The hubs of today's meta-networks are large corporations, such as the ones mentioned earlier, who use 
business partner support programmes and vendor financing models as the main tools to develop 
upstream and downstream elements in the value chain. For instance, they support the development and 
operation of direct and indirect distribution channels for their products and services, including systems 
integrators, value added resellers, and retailers. Their business partners may develop solutions using 
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their technology platforms and convert their technology into user value. Business or public sector 
clients incorporate their technology into larger systems which, in the case of the mobile 3G network 
infrastructure for instance, may be designed, developed, integrated, deployed and financed, and even 
operated by firms such as Siemens or Ericsson. More recently, we observe this behaviour in IBM's 
recent Smarter Cities initiatives which are part of the company's smarter planet strategy (IBM, 2009). 
What is common to all these firms is a combined technological and financing capability, and a 
motivation to see their technology or services integrated with the products offered by other actors in the 
value chain to deliver a solution to the client's needs; while at the same time recognising a dependence 
on other parties in the network for reaping returns on their own innovations. All these firms, 
particularly Intel, Motorola and Cisco, have been heavily engaged since 2003 in promoting municipal 
wireless networks, as have their business partners such as Tropos and Bel-Air who complement these 
vendors' technologies with carrier grade wireless radio equipment. These smaller firms are able to 
benefit from their status as gold and platinum partners of these larger corporations, and the financing 
and marketing support offered by these corporations helps them to raise further investment from 
private equity firms. 
In effect, firms such as IBM, Siemens and Intel, are fulfilling similar roles to Deutsche Bank, Barings, 
Drexel Morgan and Co., a century earlier. Together they create a techno-fmaricier actor network, 
organising and helping to develop all of the actors throughout the value chain, and lobbying politically 
and with standards bodies to create the appropriate institutional and political conditions for the value 
chain to prosper and the system to take root. 
My proposition is that the crucial group of actors is this techno-fmancier network that enables and 
promotes the upstream and downstream elements in the supply chain, influences the regulatory 
environment and market demand, and organises and even operationalises the overall system through 
the coordination and development of resource networks. 
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Figure 6.2 Rise and Demise of Systems in a Complex and Dynamic Systems Context 
Proposed by Leon 
Figure 6.2 shows that there are several actor networks at play. 
• The provider network of the firms that develop and deploy the technologies and services, the 
telecommunications operators, the power utilities, the home appliance or industrial equipment 
providers, the handset or terminal vendors, the software and applications services vendors, as 
well as the resource networks they exploit to provide the necessary physical or skills 
resources; 
• The consumer network, which includes both individual as well as business consumers. An 
example of a highly influential business consumer network is the network of large corporate 
users and electronics manufacturers that lobbied governments in the 1960s and 1970s to 
dismantle the closed monopolistic telecommunications markets (Davies, 1994). 
• The commissioner network, which in the case studies comprises the city authorities, 
municipalities, related agencies and communities seeking to deploy broadband networks and 
deliver new or improved services to consumers. 
• The techno-financier network, which is at the heart of the triangle and animates the triangular 
relationship between the others. 
The system is completed by the social, cultural and political environment in which these actor networks 
are embedded. It is the techno financier network that identifies and characterises the reverse salients 
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and determines which resources in the service provider network are best placed to resolve them. It 
attempts to direct the system, identifying gaps in the value chains or networks that might inhibit the 
development of the system, and promotes the value of the new services for consumers, while 
influencing the commissioners in terms of how they can deliver more value to the clients or 
communities they serve. 
A cautionary note 
The techno-fmancier network is powerful and influential, and is constituted of complex institutions -
multinational firms. The evolution of an emerging technical system, therefore, is vulnerable to changes 
in the interests among these networks. An actor network that is sustained by a few major actors can 
quickly unravel if those corporations' strategies change, or if anticipated returns are not forthcoming. 
For instance, Intel might cease its sponsorship of the Smart Cities Forums around the world; IBM 
might refocus its efforts on other industry and application sectors; Intel might decide to emphasise 
technologies such as WiMax more generally rather than concentration on applications to support smart 
cities, all of which would result in the smaller actors not having the marketing resources, presence or 
finance required to support current engagements or future initiatives. 
The Role of the Individual and the Organisation 
Hughes acknowledges the importance of organisations, but the complex systems or LTS view 
recognises their importance as being primarily in the period when the system is gaining momentum. 
Hughes considers that the originality of inventors and innovators is dampened by being subsumed in 
large organisations or bureaucracy. But for incremental improvements in an evolving technological 
system, or for problem solving, a collective group effort is appropriate (Bijker et al., 1987). Hughes 
considers that radical inventions are often stifled by organisations that consider them a threat to the 
technology that they nurture, and that it needs an outsider to produce a radical invention. Again Hughes 
focuses on the personal styles of individuals, such as Elmer Sperry (1994). Hughes acknowledges the 
role of management, but separates it from finance, commenting that the development of leading 
electricity-utility holding companies is rooted more deeply in technology and management history than 
in finance (Hughes, 1983). 
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I would suggest that Hughes's "seamless web" should not separate finance, management and 
technology, in this way. Not only are these problems associated with the development and growth of 
"econo-technical" systems, to use Hughes's term, the organisations that responded to them were the 
techno-financier actor networks. 
To summarise this section, I suggest that well integrated multidisciplinary organisations rather than 
individuals are playing the more important role in LTS invention, integration, design and 
commercialisation. Also I would suggest that all the upstream and downstream components in the 
system's value chain need to be in place to transform technological capability into user value. Each of 
these components needs to be technologically and commercially viable, in order to generate returns for 
the relevant actors in the value chain, or the chain breaks down and the system's growth falters or fails. 
Finally, the overall organisation and animation of the system's value chain relies on a techno-financier 
network, which identifies gaps in the organisation, and weaknesses in the component parts of the value 
chain, and determines which elements need to be resolved, and by whom, thereby resolving the gap 
highlighted by Constant (1987) and Davies (1996) in the introduction to this section. 
6.3 Complex City Systems and LTS 
In framing the case study analysis I develop an initial conceptual framework, CCS. This incorporates 
Hughes's seminal work on complex systems (1983) and LTS theoiy (1987) viewed through the lens of 
the city. It is an integrated framework that builds on prior work in the technical systems domain and 
incorporates components of the city environment including such dimensions as social, economic, 
physical and spatial organisation, urban planning, public service delivery and governance as described 
in Chapter 2, and summarised here. This framework also accounts for the different stakeholders 
involved in the supply and provision of the elements of the technical system, the consumer networks 
and the commissioning and managing networks, typically the city authorities and related agencies. This 
is illustrated in figure 6.3. 
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Figure 6.3: CCS Conceptual Framework 
The CCS framework establishes an urban context for the analysis of LTS. It addresses the complex 
social, political and economic system that Hughes refers to as a seamless web and provides a 
framework to consider the "seams" as well as each system component. 
Development of the CCS Framework from LTS 
I used a Grounded Theory approach which accordingly to Glaser and Strauss, (1967), involves the 
discovery of theory from data, systematically obtained and analysed in social research. An analysis of 
the literature led me to LTS as the central pillar both for the literature review as well as in formulating 
the initial conceptual framework. Using the LTS framework I undertook a series of preliminary 
interviews with city authorities and other related stakeholders as part of the early and exploratory 
investigations. It highlighted the likely variables that I would address in the case studies and helped me 
formulate the initial semi-structured questionnaires. As my research became more and more grounded 
in the data I collected from the Barcelona 22@ District and Shoreditch case studies, I was able to 
develop an increasingly richer set of concepts as additional factors were emerging that influenced the 
likely outcome of these city-district initiatives . These obliged me to return both to the literature and to 
reread Hughes et al and consider, for instance, the role of specific actor communities rather than the 
Hughesian emphasis on the role of the individual, and the interplay of different variables that were 
exogenous to the technical system, but are very evident in an analysis of cities. 
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The rereading of the literature, especially the development of electrical and telephone networks and the 
role of Drexel Morgan and Company, and Deutsche Bank in the 19* century and the parallels with the 
case studies on municipal WiFi networks from the early 21®' centuiy, highlighted the importance of 
distinct networks of actors. This included the interplay between the actors, and their distinct roles as 
consumers, providers and commissioners of technical systems. It also highlighted the crucial role of the 
techno-financier meta-network in the development and growth of technical systems but appeared only 
partially in place for the digital networks and services. 
As I began the case studies, the city officials and service providers I interviewed stressed the 
importance of a number of other factors including the need to transform public services, integration 
with spatial planning in regeneration districts, the economic development strategy, programmes for 
developing social capital, as well as governance. As a result of this input I subsequently reshaped the 
interview questions, revisited my earlier findings and case descriptions, and reframed the case studies 
accordingly. As a result, the case studies were revisited and reframed several times as I extended the 
LTS framework into the CCS framework, adding the components highlighted in figure 6.3, and refined 
these components of CCS during the research programme as a result of a systematic analysis of the 
case study input. It also required me to revisit the initial literature and extend the literature review to 
incorporate additional strands on urbanism, capabilities and the adoption and dif&sion of innovation. 
6.4 Proposed CCS Conceptual Framework 
I now expand upon the system based on evidence from the case studies, and propose a more elaborate 
version of CCS by discussing each of the component parts and the key influencing factors that emerge 
from the case studies and their relationship to the LTS and other literature. 
Governance 
This component of CCS involves integration of the technological system with the city or district's 
economic development sfrategy and related programmes. It has a series of subcomponents that include 
the following: 
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Economic Development Strategy: The economic development strategy factor extends into the support 
for new ventures, provision of incubation facilities and the related business and infrastructure services 
which are enabled by the technical system. The Karlskrona case study shows how the deployment of its 
broadband network and related services was carefully integrated within the overall policy to transform 
the city from shipbuilding and a major naval base, to becoming Sweden's Telecom City. Similarly in 
Barcelona, Ramon Sagarra, responsible for Barcelona's infrastructure, designed the network, its 
capacity, and accessibility in accordance with the city's strategy to fransform the ageing indusfrial 
districts of Poble Nou and St Marti into the 22@ Disfrict of Innovation, and to support the various 
industry clusters with appropriate network capacity and other new technical systems including power, 
waste and water. In other cities including Dubai, this degree of strategy integration is not evident and 
interviews in Dubai highlighted severe problems related to the availability, capacity, cost and reliability 
of the digital network. 
Competence and Capabilities'. I focus here on the competence, capabilities and capacity of the city 
authorities who are commissioning technical systems. The capabilities of the City of London and 
Canary Wharf were markedly different from those of Barcelona; the London boroughs both 
commissioned partners to design, deploy, and operate their systems and adopted an open systems 
approach to the provision of additional applications and services. Barcelona in contrast developed a 
deep infrastructure and large scale project management and technical capabilities in house. It was able 
not only to design the system on its own but also was able to develop a rich suite of applications to 
exploit the system. Barcelona is unusual in its capacity to take on the systems integrator role. There are 
strong similarities between Barcelona's approach and the deployment of electrical networks in Berlin 
in the 19"' century. The Berlin city authorities were able to work effectively and closely with Siemens 
and AEG, and deploy many new and innovative services for industry, the consumer, and the 
fransportation services including electric trams. These services were based on the city's capabilities and 
technical and operational ability to partner with innovative firms such as Siemens and AEG. 
Awareness and Accessibility of City Programmes: One of the challenges that emerged from the case 
studies was the need to ensure awareness and accessibility of the business and support programmes 
offered by the city and its agencies. While in many ways the programmes in Barcelona are exemplars. 
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business owners commented on lack of awareness or confusion and overlaps between the agencies 
providing services, and the conflicting information provided by different agencies. These services 
included digital network services, business portals and incubators for new business, all of which were 
enabled through digital broadband networks, wireless or related services. 
Public/Private Partnership: The relationship between the public and private sectors has at least two 
aspects relevant to CCS. The first relates to the model exploited by the city to partner with a service 
provider; for instance, the public sector agencies in Norfolk, Stuttgart and Corpus Christi made the 
initial investments themselves, and initially owned all the assets and managed the operation of their 
networks. Stuttgart and Corpus Christi subsequently transferred the assets and outsourced operations to 
private sector partners. The City of London chose from the outset to partner with a service provider. 
The form of partnership influences the physical nature of the technical system, in this case the 
broadband and wireless network, including its geographic coverage, the openness of the system and its 
capacity to support new applications regardless of the source of innovation. 
Another aspect is the connection between local industry, universities and government agencies within 
the city and their combined engagement in shaping overall objectives, requirements and exploitation of 
the technical system. The nature of this public, private partnership influences the overall design and the 
ultimate value delivered by the system. The false start and eventual success at Karlskrona is evidence 
of the need for a close partnership between these actors. Barcelona is a similar exemplar of the utility 
of a close public, private partnership, especially in the 22@District of Innovation. 
Trust and Transparency. Trust and transparency involves the willingness of the private sector to invest 
and its confidence in being able to secure long term returns. This was a challenge in the 19* century, 
particularly in London, when the emerging electrical utilities were not confident that they could ensure 
long term returns under the initial Electricity Supply Acts, and is evident at the start of the 21" centuiy 
in London where each borough is working independently and on relatively small scale projects with 
different service providers. It also relates to firms' exploitation of the new technical systems. The 
Norfolk case study demonstrated the unwillingness of firms to exploit the new network unless they are 
sure of its sustainability on the long term, and extensions to its coverage. 
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Governance Economic Development Strategy / Programmes 
Competencies and Capabilities 
Awareness and Accessibility of Programmes / Agencies 
Public / Private Partnership 
Trust and Transparency 
Table 6.1 Summary of Factors Relating to Governance 
Indus t ry and Social Capi ta l 
Education and Skills and University Industry Engagement: The case studies highlight that among the 
major motivations for the deployment of digital broadband, municipal wireless networks and related 
services are their impact on social capital and their attractiveness to industry. The form and nature of 
technical system deployment and exploitation are influenced by these factors. The Barcelona case 
study focuses on the need to develop human capital in the city, and particularly in the 22@ district, to 
address the skills needs of the new knowledge based industries that the district is attracting. The study 
describes the exploitation of digital applications such as Virtual Memoria as part of the skills 
development initiatives. Corpus Christi emphasises the provision of services for kindergarten through 
12 grade education. Similarly, the Karlskrona case study highlights close engagement between the 
technical university and industry in the development of new services and new business ventures that 
will exploit the network, and to ensure a strong supply of ICT, media and mobile telecommunications 
skills. 
Social Cohesion and Inclusion: The digital TV applications in Shoreditch via Digital Bridge, and in 
Newham via RegenTV are examples of systems being applied for, and shaped by these districts' 
strategies to improve social cohesion and inclusion. The exploitation of systems to enhance social 
cohesion is a major component of the UK's 2007 DCIO: Digital Challenge and is a major objective of 
the projects in Norfolk and Barcelona. 
Vitality of Social Networks: The second Barcelona case study focuses on the connectedness of the 
community, especially the international community and its role in the extended international social 
network, knowledge and resources. This case study examines how the social and economic vitality of 
the city and its ambitions for transformation could better exploit the international community by 
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connecting it more closely with local firms, institutions and society and using the digital network as an 
enabler. 
Sectoral Characteristics: In Canary Wharf and the City of London, the desire of the city authorities to 
maintain or enhance their position as global financial services centres motivated the deployment of 
pervasive wireless networks, while in Karlskrona the motivation was to support the transformation to 
become Sweden's Telecom City, and in Barcelona the emphasis was on supporting the urban industiy 
clusters of media, ICT, bio-medical and energy. The sectoral characteristics of the city or district not 
only shape the nature of system deployment, but also are influenced by the availability and capabilities 
of the system. Hughes (1983) points out that Berlin and Chicago's exploitation of electrical networks 
and the nature of their deployment influenced the electrical and engineering industries that 
subsequently developed in those cities, while London was disadvantaged and left behind in this second 
electrically powered industrial revolution. 
Embeddedness and regional, international linkages: The degree of embeddedness of firms within a 
sector or related sectors, in a district is influenced by the availability and nature of the communications 
networks. For the media industry, for instance, the geographic proximity of production, editing and 
distribution companies and universities within a district supports not only the interchange of knowledge 
between professionals, but also communication by digital media through networks designed to support 
this. Other industry sectors also find the combination of data connectivity and physical proximity to be 
an advantage which helps to embed firms in specific city districts. Hall and Pain (2006), in their study 
of a polycentric metropolis, highlight the importance of communication networks both to embed and 
connect firms in a district, city or region as well as to support intra-regional and international linkages. 
Table 6.2 summarises the factors outlined in this section. 
Industry and Social and Education and Skills 
Human Capital Engagement of Universities and Industry 
Social Cohesion and Inclusion 
Vitality of Social Networks 
Sectoral Characteristics 
Embeddedness of Industry 
Intra-regional and International Linkages 
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Table 6.2: Summary of Factors relating to Industry and Social Capital 
Spatial Organisation 
Centricity/Polycentricity. The form of digital broadband, municipal wireless and related services and 
the nature of their exploitation is influenced by the spatial organisation of a city. A comparison of the 
density of Barcelona and the proximity of the clusters of media, ICT, energy and biomedical industries, 
and those of say Corpus Christi, demonstrate that the latter's industry and communities are dispersed 
over an area at least one order of magnitude greater than that in Barcelona. This influences both the 
technologies used in the network, and shapes the applications that will be exploited as shown in the 
respective case studies. This point is considered within LTS, and Hughes compares electrification in 
Germany, particularly Bavaria, with that in Berlin: the former could exploit hydro-electricity power 
generation which shaped the form of exploitation. The characteristics of hydro-electricity generation 
and the need to balance the load factor in Bavarian cities were markedly different from the 
characteristics of Berlin (Hughes, 1983). 
Urban Industry Clusters: CCS also considers the active engagement by city planning departments in 
determining where new industries should be located and the degree of centrality of these locations. 
This varies, from the downtown urban industry clusters of Barcelona, to the polycentric approach of 
Corpus Christi, while in Norfolk the strategy was to expand the reach of the networks into dispersed 
rural communities as part of a rural regeneration policy. Continuing with the theme of urban industry 
clusters, the premise of these, as demonstrated in Barcelona, is that bringing together specialist 
universities, their technology transfer offices, incubators for new ventures, established firms and their 
R&D centres, demonstration facilities and residential spaces within the city, a) stimulates the 
regeneration of inner city districts, b) enables the formation or relocation of SME in those sectors, and 
c) creates jobs. Barcelona's strategy, which appears to be successful, is that the proximity of clusters 
stimulates interdisciplinary innovation. For instance, combining ICT with biomedical and media 
innovation has led to the emergence of new telecare solutions for assisted living. The proximity of 
these clusters to the city centre in areas requiring renewal, attracts private investment by property 
developers who can gain increased returns from the regenerated areas. And these clusters require 
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advanced infrastructures to support their knowledge based industries and the intense communication 
among them. This explains the importance of linking the spatial organisation or reorganisation of the 
city, the urban and economic planning strategies within the city and the deployment of the technical 
systems, in this case digital broadband, municipal wireless and related services within the CCS 
framework. 
Proximity of Live Work and Accessibility: The proximity of work and residential spaces is a 
consequence of more flexible work patterns that are emerging within the knowledge based industries, 
with distributed working and the need for live/work homes for professionals and the self-employed. 
This influences the requirement for access to business as well as community services into the home, 
and pervasive network access at levels that are at least equivalent in the home and the office. The 
physical proximity of work spaces and residential accommodation is a growing requirement, 
particularly in Barcelona and Karlskrona which are seeking to create dynamic environments for 
innovation by facilitating social networks of the individuals working within and between industry 
clusters in different disciplines. 
Spaces for Innovation: Barcelona is achieving space for irmovation through programmes and initiatives 
and formal and informal spaces for individuals and firms to meet such as the iconic MediaTIC centre at 
the heart of the 22@ District of Innovation designed by the architect Enrique Roig (2009). This 
addresses the proposition in Michaud (2005) that the knowledge intensity of a city is a consequence of 
its capacity to generate knowledge and also the vitality of the knowledge circulation, interchange and 
assimilation of knowledge from elsewhere. These initiatives and the formal and informal spaces require 
access to the digital network and are enabled by the application services. Glaeser (2005) highlights the 
importance of density of cities, focusing especially on New York, and the work by Fujita el al. (1999) 
on spatial economics stresses the role of density and interchange of knowledge. 
Spatial Organisation Centricity/Polycentricity 
and Urban Planning Urban Industry Clusters 
Proximity of Work and Residential 
Accessibility 
Formal and Informal Spaces for Innovation 
2 2 4 
Figure 6.3 Summary of Factors relating to Spatial Organisation 
Applications and Service Delivery 
Categories of Applications and Services: In the LTS model, the technological system is shaped initially 
by the plarmed form of its exploitation, and later evolves as new forms of exploitation emerge and new 
requirements reshape the initial form (Bijker et al, 1987). The analysis of cities and their motivations 
range from Barcelona and Corpus Christi which have very clear sets of objectives and application 
priorities, to Norfolk's Openlink (NOL). The city agency charged with deployment of NOL and the MP 
for Norwich expressed a high degree of technological determinism in terms of the value of such 
networks and the hope that applications would emerge and the city would learn from this initial pilot. 
Cities and districts such as Karlskrona, Westminster and Shoreditch lie somewhere between these 
extremes. Relative success appears to be influenced by the extent to which the network applications 
have been considered, the adaptability of these plans and the openness of the networks to accommodate 
new services. The adaptation of Karlskrona's network in terms of openness and the willingness to 
encourage multiple application service providers, has transformed the success of this network and its 
impact on the city's overall industry. In Barcelona, a very considered, step by step approach to 
applications deployment is underway to test the contribution of these applications, socially and 
economically, and to achieve a better understanding of their requirements in terms of the technological 
system - its reliability, performance, security, etc. The nature of the applications a city wants to deploy 
or host on the network falls into four categories which in turn shape the nature of the technological 
system that is deployed. 
These categories (recapping Chapter 5) include: infrastructure services and the provision of broadband 
connectivity; the provision of managed security; storage; and hosting of servers. These differ from 
application services which may include social and community services such as community portals, 
digital TV, telecare, amongst others, and business services which includes business portals, online or e-
marketplaces, managed applications services such as ERP, Field Force Automation, etc.. Finally there 
is a set of services delivered by the public sector, which includes car parking and transportation, code 
enforcement to emergency services. The transformation of these services may not be directly visible to 
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the social or business community through the issuing, for instance, of parking penalty notices, or AMR, 
but they transform the effectiveness and efficiency of public service operations. 
Applications and services are planned either by the city authorities or their agencies as in the case of 
Barcelona and are delivered directly by them or by a delivery partner, through an open network 
strategy which encourages the provision of third party applications over the network, as evidenced by 
the Karlskrona case study. A city's social, community and business services strategy and strategy for 
service transformation and improvement shape the technical architecture of the system, the governance 
model including the form of public private partnership, and the role of community involvement in 
application selection and service priorities. 
The CCS framework helps us first consider and then examine the impact of the application and services 
delivery strategies in the technical system that is commissioned. Table 7.4 summarises the factors 
outlined in this section. 
Applications and Service Delivery Infrastructure Services 
Social and Community Services 
Business Services 
Public Service Operations 
Figure 6.4 Summary of Factors relating to Applications and Service Delivery 
Env i ronment 
City and District Amenities: Important factors shaping the environment component of CCS are the 
perception of the city as an attractive place to visit, live and/or work in, or invest in and the city's 
marketing communications programmes promoting its brand. Florida (2002) highlights the importance 
of amenities to attract the creative classes, and Hall and Pain (2006) emphasise the role of digital 
communications as the most important factor in attracting businesses to relocate to a city. The 
infrastructure and services in Barcelona's 22@ district have been designed and are being promoted by 
the city's marketing department to attract knowledge intensive firms and international agencies. The 
marketing department has developed promotional material to attract firms, featuring the facilities 
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available and demonstrating the economic advantages they provide for businesses. However, technical 
infrastructure on its own is not a sufficient attractor. The overall amenities of which this is one element, 
form part of the CCS environmental factors that influence the form of the technical system deployed, 
the services offered to the different stakeholders and the business model supporting its deployment. An 
example of this is Cloud Networks who own, deployed and operate two of Europe's largest wireless 
networks - at Canary Wharf and the City of London. Cloud Networks' willingness to make these 
investments and the returns it predicted were based on footfall and density of potential users which in 
turn are based on the districts' amenities and attractiveness to business. The case studies demonstrate 
that the provision of amenities was a key component in these districts' strategies to attract new business 
and investment. Within the environmental component of CCS, the attractiveness of amenities, whether 
social, cultural, technical or economic, is important in shaping the nature and role of the technical 
system. This applies to digital networks, electric trams, recycling systems and energy management. 
Relationship with other Urban Centres: In the section on spatial organisation I referred to the spatial 
organisation of the city or district as an entity and not in the context of the region, or national or 
international context. Within the environmental component of CCS, I consider the relationship of the 
city to other urban and industrial centres. Fujita et al (1999) use spatial economics to analyse the 
relative economic performance of adjacent cities and the nature of the interactions between them. This 
is also analysed by Hall and Pain (2006) in their work on the Polycentric Metropolis and is considered 
by Castells (1996) in relation to the "space of flows". The technical system and specifically the 
network architecture needs to reflect the form of interconnection with other local and potentially 
internationally connected urban centres. The connection of the City of London to other global financial 
centres, and to the adjacent Canary Wharf creates very different requirements in terms of security, 
integrity and performance, compared to Barcelona, which has become a global centre for the media 
industry. 
International Accessibility: The capacity of the network in Barcelona to link the media cluster 
internationally was a key requirement in the design of the network, according to Ramon Sagarra, and 
the decision to lay fibre for high speed data networks from several blocks of the city into a main 
international internet access node in the city was a consequence of a deep understanding of the nature 
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of the industries to be supported and the connections required to other international cities. CCS 
provides a framework that can help us consider the factors I refer to within the environmental 
component and their influence on the nature of the technical system they necessitate. 
Environment City and District Amenities 
Relationship to other Urban and Industrial Centres 
International Accessibility 
Figure 6.5: Summary of Factors relating to Environmental Component 
Summary 
The CCS model addresses governance including the importance of the different stakeholders involved 
in the design, deployment and management of LTS; the status and development of social and human 
capital, the economic development strategy at the level of the city-region; the city's or district's spatial 
organisation and urban planning; and their collective impact in shaping the technical systems 
infrastructure and the services and content that the system delivers. 
CCS offers a framework that enables a more complete understanding of the social, political and 
economic context for the invention, development and subsequent evolution of LTS in a city context. It 
integrates LTS with the innovation, urban systems, and capabilities literature referred to in Chapter 2 
and helps to resolve the gaps identified in LTS theory. The socio-cultural context referred to within 
LTS is very specific in terms of the deployment of infrastructure within cities. If an LTS, such as a 
digital broadband and municipal wireless network, is to play an important role in the transformation of 
a city to a knowledge intensive economy and help it to become a hub of innovation, then a much more 
integrated approach is required. It is crucially important, as the case studies show, to understand how 
the socio-cultural and economic components of the city shape the requirements for the technical system 
and are an integral part of the total systems strategy. It offers a better understanding of the roles and 
interactions of the different actor networks, especially the techno-financier network for the 
development and future evolution of a specific LTS. 
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Using the CCS frameworlc also helps to explain how the nature of the technological infrastructure is 
influenced by the spatial organisation of the city and the strategic planning for urban development. This 
in turn is influenced by the physical environment of the city and its relationship to other regional, 
national and international conurbations. Value is derived by organisations and users at the point at 
which new applications, content or services are delivered to them by the public and private sectors. The 
governance of the city authority, its agencies or private sector partners, including the prioritisation, 
development and deployment strategy of these applications and services, as well as their enabling 
infrastructure, may influence the scope and effectiveness of these applications and services. CCS helps 
cities to consider the impact of different ownership and partnership models and the importance of these 
for ensuring sustainability. Similarly, the degree of alignment with the city's economic development 
strategy impacts on the value the city derives from the LTS and shapes the nature of its use and extent 
of its exploitation. A pillar of the CCS is social and human capital; the skills and talents of its citizens, 
and in the case of Barcelona, the propensity to attract and connect the international community that is 
resident in the city to enhance the cities social capital. This component impacts on the nature and 
exploitation of the services provided and is a crucial element in the city achieving its goal of 
transforming to a knowledge intensive economy. 
CCS provides a more comprehensive and integrated framework for understanding how new and 
complex technical systems are commissioned and deployed in cities, how value is derived and how the 
different stakeholders interact and contribute to the system's ultimate success. 
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7. Implications for Policy makers and Practitioners 
This chapter describes the key challenges facing cities in their deployment of pervasive broadband 
networks and related services and draws parallels with the challenges faced by cities in the 19* century 
in their deployment of telephony and electrical networks. The findings should provide guidance to 
policy makers and practitioners, especially technology and ICT service providers. This guidance is 
embodied in a strategic planning model based on eight factors related to these challenges. This model 
should provide a tool for policy makers and practitioners. The chapter concludes with a discussion of 
alternative business models that cities might use to address relationships with service providers and 
potential partners and addresses the issue of long term sustainability of all the city initiatives examined 
in this doctoral research. 
7.1 Resolving the Planning and Deployment Challenge 
The individual city case studies and information from interviews, and documentation on other cities, 
show that there is wide variation in terms of the success of the various initiatives. These problems 
encountered are: 
I® capabilities of public sector organisations to develop, build and operate the systems 
» sustainable business model 
• achieving cross-departmental buy-in and cooperation 
" transforming service delivery not simply e-enabling the front end of existing services 
" creating compelling content and services and engaging and involving the community in 
determining the content, services and priorities 
• comprehensive deployment models and accessibility for the whole community including people 
with special needs 
» internal and external governance and asset ownership models; clear definition of roles and 
responsibilities. 
A comparison of the case study cities with the experience of cities at the end of the 19* and early 20*, 
as they deployed new technological infrastructures such as electricity, telephony, telegraphy, etc, 
highlights similar sets of challenges, as described in Hughes (1973), Nye (1999) and Hall (1998). The 
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19* century experience of city wide deployment of telephony and electrical networks and L I S theoiy 
more broadly, predict many of the problems being experienced by the cities in the case studies. 
7.2 Eight Factors that Influence a Successful Outcome 
I have synthesised the challenges that emerge from the case studies and those predicted by LTS theory 
and the related literature on urbanism, innovation and capabilities, into eight key factors for effective 
city-wide broadband networks and related services. The case studies and other interviews indicate that 
these factors are those most likely to influence successful outcome and that lack of focus in any one of 
them could result in flawed deployment and suboptimal outcomes. I examine each of these factors in 
relation to the case studies, and some examples of best practice in other cities. The eight factors are: 
1. functionality 
2. accessibility 
3. compelling content 
4. deployment and delivery 
5. service integration 
6. spatial integration 
7. governance and ownership 
8. sustainability - economic, technological, environmental. 
Functionality: refers to the nature of the infrastructure, the technologies and standards supported by 
the network, network capacity, latency, availability, security and quality of service. Cities such as 
Taipei, Songdo in Seoul, and Canary Wharf are examples of high performance networks with rich 
functionality supporting a broad range of technologies. Cities where coverage is patchy, performance 
inconsistent or poor find it difficult to attract subscribers, and those they do attract often discontinue 
their subscriptions. Lack of security deters content providers and the enterprise market. The importance 
of security, especially for the enterprise market, was stressed in an interview with Niall Murphy, CTO 
of Cloud Networks, and by the Canary Wharf Corporation executive team responsible for Canary 
Whar f s wireless network. The issue of functionality is closely entwined with politics. Poor 
performance and patchy coverage of municipal wireless networks, especially when they have been 
promoted as a low cost alternative to the DSL or cable broadband services from incumbent telecoms 
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operators, have political ramifications for the city authorities and mayors who are promoting pervasive 
broadband availability for all as a key plank of their campaigns. 
Cities such as Corpus Christi, Portland and Philadelphia are regularly cited in the US press as examples 
of cities where the expectations of citizens and performance of the network are not aligned, and where 
subscriber numbers are low and comments in online forums and chat rooms are negative. A century 
ago there were similar problems in London when each London borough acted independently and the 
lack of standardisation and limited functionality of services made electricity a luxury service that 
offered little more than lighting. Compounding this were the early technical failures of flagship projects 
such as the Holbom Viaduct Station and Sebastian de Ferranti's Deptford project for a massive power 
station to supply most of London. The technical failure, particularly at Deptford increased political 
nervousness about large scale projects. This highlights the importance of realistic expectations about 
functionality, and promotion of that functionality. It underlines the importance of ensuring effective 
technological understanding among city authority and public officials. As Hughes (1983, p. 204) 
describes: "The growth of Chicago's system cannot be explained without taking into account this 
technological component. Neither can the evolution of the system be explained without considering the 
political situation in Chicago". 
Accessibility: of municipal broadband networks and related services refers to the need to provide 
access via a wide range of devices, PC, digital TV, mobile phones. It includes ease of access via a 
single portal with a single sign-on to multiple applications, or via a familiar interface regardless of the 
technology. Network coverage and continuity or persistence of connection and applications on the 
move, as well as ubiquitous access are important. Affordability is also important. The case study of the 
City of London explained how some boroughs had deployed a wireless network that enables users to 
work through their existing service provider interfaces - Vodafone, Skype, Vonage, i-Pass, etc. - and 
could be accessed using a broad range of devices. Corpus Christi deployed around 2,000 nodes to 
ensure an entire city and its suburbs could be covered by municipal broadband, while Stuttgart tested 
1,500 different types of mobile phones to ensure that its MobilCity services could be used almost 
regardless of the type of device and its form factor. 
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Digital Bridge in Shoreditch, RegenTV in Newham and the telecare portal in Karlskrona are all 
examples of portals designed to be accessed using digital TV, and combine the familiar interface of a 
remote control, and video and data formats accessible to users with limited or no experience of using 
computers and browser based GUI. The case study of the City of London in particular, demonstrates 
that it is essential to allow other firms access to systems through the provision of guest capabilities for 
the wireless networks in firms they may be visiting. This highlights the importance of security to give 
firms confidence in allowing access. Accessibility also includes affordability of the service and a key 
element of the deployment in Philadelphia, Corpus Christi and San Francisco was the provision of low 
cost broadband access for the community, including free wireless access to some city specific services. 
Early deployments of electric and telephone networks experienced similar problems including 
limitations of geographic coverage, especially into dispersed suburbs, poor districts and rural 
environments and interoperability. Users were faced with the problem of proprietary systems and being 
locked into one supplier for all components of the system. The law on interoperability of different 
services and networks was introduced in the UK with the Electrical Act of 1882 and subsequent acts in 
1885 which ensured that users could purchase electrical appliances from suppliers other than the 
electric network supplier. In the early days of electricity supply, transformers were used to ensure 
interoperability before standards emerged. The initial costs of the electricity supply in London meant 
that home electric lighting was a luxury reserved to the rich. This contrasts with the situation in Berlin 
where the city authorities negotiated with AEG and Siemens & Halske to create the Berlin electricity 
supply company, BEW, and where price was regulated by the city. Policies to ensure the widespread 
accessibility of electricity supply both in terms of coverage and pricing were a core element in the 
public private partnerships described in Chapter 2, one of the best being Berlin. The importance of 
coverage is emphasised in Hughes's description of the plan for Giant Power introduced by the 
Governor of Philadelphia to provide an integrated supply of electricity for every household in the state. 
Pinchot wanted every home to have electric light, heat and labor saving appliances; he wanted every 
farm to have electricity for milking, feed cutting, wood sawing, and a multitude of other onerous tasks ... 
he forecast that electricity would effect the substitution of garden cities for slums, small industrial 
communities for gargantuan, chaotic cities, and would bring about a return to the countryside ... and 
believed these would be possible only if the spreading net of electricity could be brought under public 
control. (Hughes, 1983, p. 209) 
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Compelling Content: Taking existing content and simply enabling it for delivery over a broadband 
network is likely to be ineffective as seen in the case studies and summarised in Chapter 5. Both 
information and service content have to be highly relevant to users, and users need to be involved in its 
definition and creation. Digital Bridge is one of the best examples of compelling content and shows 
that it requires regular updating in terms of content and style. James Morris, CEO of Digital Bridge, 
said that "You don't read old magazines with the same relish as the latest copy and so it goes for the 
content; its currency is crucial and it has to be related to the issues that are most on the mind of the 
local community you're trying to serve - in our case jobs, crime, money and schools" (Interview, 
2006). Digital Bridge in Shoreditch is exemplary in its engagement with the local community, in 
establishing priorities for content, and creating a sense of ownership. Another example is at Newham 
and the RegenTV project. Most of the TV content is created by the community, for the community. 
This sense of ownership, locality and currency are crucial to usage, and the importance of compelling 
content is reflected in the Barcelona case study and the Virtual Memoria project. 
The nature of the services and content of municipal or community broadband networks is analogous to 
the multiplicity of applications of electrical energy in the home. The development of telephony services 
since the 1950s has transformed the value of telecommunications to the public and private sectors and 
for home use. In 1878 Edison launched to the public the benefits of installing electricity in their homes 
it was on the basis of incandescent lamps, electricity meters, and electrical appliances such as dynamos. 
At that time he still had not developed a practical incandescent lamp or even reliable electricity 
generation or distribution capabilities. However, he knew that compelling applications and services 
would be required to establish a market. Within a decade, Merz in England was working with firms to 
help them understand how to reorganise their manufacturing plants to exploit the new energy source 
and Insull in Chicago ran the "electricity store" to promote the appliances that could be used at home, 
spending more on the promotion of these services than was spent by the entire British electricity 
industry at the time. The electric streetcar was another example of how electricity networks could 
deliver a new and valued service for consumers. It was introduced first in Berlin and Chicago, and later 
in New York. 
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The old electrical networks and the new digital networks deliver value through the services they 
enable. They are crucial enabling components in much larger socio-economic and technological 
network. The applications must be attractive whether an information search service for employment 
opportunities in the borough, a managed service for small businesses (Corpus Christi and Shoreditch), 
a socio-cultural service such as Virtual Memoria in Barcelona, or lamps, dynamos, vacuum cleaners, 
and electric streetcars in Berlin, Chicago, London and New York, there needs to be compelling content 
and applications to drive the diffusion and the adoption of this form of technological innovation. 
Deployment: A city or individual firm may produce good content and offer extensive services and 
excellent functionality but if the resources are not in place to help new users learn about the services 
and their value, train them in their use, and support their use, then all investment will be wasted. The 
case studies and secondary research on other cities identifies that some cities have invested heavily in 
infrastructure and services, but usage rates were low, or services and delivery had not been well 
thought through and support costs were too high. Where a city works with a third party with previous 
experience in the deployment of city networks and their exploitation, success is more likely. However 
experience needs to be relevant as cities have different social, cultural and economic contexts that will 
strongly influence the outcome as we see from the CCS framework. South Korea invested massively in 
deployment and training potential users of ICT and broadband enabled internet services, and over 3 
million people participated in its programmes which kick started the massive exploitation of fixed and 
mobile broadband services. In contrast, Barcelona's Virtual Memoria project is trying to reach a large 
community of retired people as well as schoolchildren. However, without the investment in deployment 
they are reaching only hundreds rather than tens of thousands of users that could benefit from this 
initiative. Similarly, Shoreditch was faced with deployment challenges with the roll out of the Digital 
Bridge platform and services. These were again down to an imbalance of resources between service 
innovation and service deployment. 
The literature reviewed in Chapter 2 considers the growth of new energy technologies. Steam engines 
and then electrical networks deployments emphasise the importance of generating demand through 
educating users on potential applications and value of services for residential and professional markets. 
Charles T James was an engineer in the late 19"" century who travelled the Eastern seaboard of the US 
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explaining and educating mill owners about the transformations achievable by steam powered mills. He 
demonstrated how they mills could be relocated from the inaccessible and narrow valleys required for 
water power, to wharves where coal could be delivered and products transported more easily, or closer 
to the markets they served (Nye, 1999).Engineermg consultants, such as Von Miller, Merz and 
McLellan, and Klingenberg, worked in close partnership with entrepreneurs such as Rathenau, Insull 
and Edison to develop demand for electricity services. They worked with large public sector and 
private corporations, demonstrating how electricity could transform manufacturing processes and 
public transportation, and designed the electrical systems to supply motors and machine tools (Hughes, 
Deployment is the translation of a technological system into user value, coupled with a transformation 
of the industrial, institutional and individual user to enable them to assimilate that system and translate 
the benefits gained into business, social or personal value. This is at least as important today with 
digital technologies as it was a century ago. 
Service Transformation and Integration: Digital broadband networks provide a means not only of 
delivering existing services and content, but enabling service transformation. Corpus Christi, 
Westminster, and Shoreditch are both web-enabling their services with an internet fi-ont end and 
transforming their services in terms of scope and end to end delivery with the goal of improving their 
effectiveness and efficiency. The big gains reported are in workforce productivity and greater 
community engagement. The risks involved in making only cosmetic changes are poor take up of 
services, or uneven take up. If the front end of a service is transformed so it increases community 
awareness of the service, ease of use and attractiveness, but if delivery uses existing methods and 
resources the service will be overstretched, quality will be poor and resources and spending may rise. 
All of these scenarios will impact on the long term sustainability of the service. 
Hughes, Nye and others point to the transforming characteristic of new technological systems, enabling 
transformation of production processes and public services in the past. Nye (1999, p. 141) relates how 
men at the Franklin Institute noted that the advantage of electricity: "almost prophetic anticipation of 
the assembly line, lay primarily in freedom to locate machinery, improvements in lighting and 
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ventilation, cleanliness" and "the 20-30% increases in output that were attributable to all these factors" 
(Nye, 1999 pl41) 
Hughes (1983, p. 109) describes how Charles Merz would advise potential customers that electrical 
power and motors could "replace steam engines, and how the workplace could be reorganized because 
individual electric motor drive permitted more freedom of location". Nye (1999, p. 215-18) describes 
how deployment and transformations made possible by electrification rather than Taylorism, enabled 
American factories to double productivity between 1900 and 1930 
The introduction of earlier technological networks, substituting one component of the system while 
retaining the configuration of the other components - whether technological, organisational, process 
design, or institutional - is not sustainable. As Hughes (1983, p. 379) points out, if only the technical 
components of the system are changed, they "snap back into their earlier shape". 
Spatial integration: ICT and the extension of its reach through fixed and wireless broadband networks 
are enabling new services and applications. These in turn are promoting changes in lifestyles, work 
patterns and in the case of the public sector, the nature of service delivery. These services are bringing 
new meaning to public spaces, malls, parks, city squares as they are transformed into spaces where 
people can meet to work or access community services. Chapter 2, 4 and 5 show the trend towards 
greater mobility, distributed work patterns and knowledge intensive work, and the development of open 
innovation models that involve collaboration across an extended enterprise, rather than through 
vertically integrated firms. The types of knowledge and the respective spatial conditions required to 
support the diversity of work patterns in different industries, vary depending on the industry sector and 
even the specific team working practices. Trends emerge as cities take account of these factors and plan 
spatial organisations and infrastructure around the requirements of industries and firms and institutions 
involved. An example of this is the 22@ District of Innovation in Barcelona. Ramon Sagarra, who is 
responsible for the city's infrastructure, is planning the fransformation of the infrastructure, the 
networks, and their capacity, and the spatial organisation of each urban industry cluster. In Barcelona, 
the spatial organisation of the new industrial zones where firms, universities, research centres and 
incubators are clustered, takes account of the different work patterns and interactions in each 
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designated industry cluster - bio-medical, digital media, ICT, and most recently the new energy park, 
bTec. 
In the CCS conceptual framework, the nature of technological systems, their configuration and style of 
their deployment are closely related to the spatial and geographic characteristics of the region, city or 
district and the nature of the industries supported. These shape the configuration of the technological 
system and the technological system, and in their turn, will reshape the city. 
As in other industrializing cities, electric light and power helped shape Berlin's architecture; 
deeply influenced the design of its factories, and workshops, and chemical plants; stimulated 
industrial growth; determined the location of the city's transportation systems; provided 
telephone and telegraph communication; and when substituted for steam power, lessened 
noise and dirt. In short electrification affected the way in which workers labored and 
management organized, and Berliners lived. Because of this, the private company that 
supplied most of the electric light and power for Berlin until 1915, and the municipal 
government that regulated electrical supply shaped the history of Berlin. (Hughes, 1983 p204) 
Governance; Governance is a broad topic but the most fundamental area relates to who owns and 
shapes the technological system, in the case of the research in this thesis, who owns the broadband 
network and who controls its evolution and sets the future strategy. These issues need to be considered 
in terms of the content to be delivered over the network. The governance model includes the 
community and its role in specifying the content and nature of the services that will be delivered and 
also the stance of whoever is operating the network - whether their stance will be neutral in relation to 
content and scope of new services or do they have vested interests. 
Experience from the City of London and Karlskrona highlights why communicating agreed aims and 
objectives to all the stakeholders and agreement about key performance indicators is crucial. 
Comparison of the electrification of London and Berlin in the 1880s is an example here. Continuously 
changing the indicators or vacillating between them can reduce confidence and the sustainability of an 
initiative. Objectives are not fixed by the governance model, but consideration needs to be given to a 
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formal change management process to allow adaptations and refinements not only to the services but 
also to their performance measurement. 
Chapter 5, Section 5.2 Common Challenges, contrasts the contracting models and governance of the 
public private partnerships in Berlin and Chicago with that in London. The challenge of establishing an 
appropriate governance model that reflects the capabilities of the public and private sector partners 
arises in the implementation of all the technological systems described in this thesis. A city authority's 
resources and its capabilities will shape the form of any public private partnership. Hughes (1983, 
p. 184) describes the relationship between the partners in Berlin as follows: 
"The Municipal Government was not overawed by the technical, managerial, scientific and 
financial power of its private utility. Berlin officials drew upon the proud tradition of the 
Prussian civil service, demanding and receiving the same respect and authority that public 
officials of the state and national governments received". 
And with reference to London, adds that: 
In Berlin, there were individuals who built bridges between the world of technology and that 
of politics. The presence of bankers and industrialists on the advisoiy board of BEW was a 
manifestation of the coherence and coordination of finance, industry and utility in Berlin. 
Such a progressive combination of coordinated forces was needed to overcome vested and 
historical interests in London, but such combination did not exist. (Hughes (1983, p. 261) 
Governance accompanies capabilities and the above lessons are pertinent to the deployment of all types 
of technological systems. 
Sustainability: Some of the initiatives studied have run out of firnding or lost momentum in terms of 
organisational support, usage or exploitation. The research found that almost all of the initiatives had 
received seed funding but without the development of a sustainable business model in place from the 
start, exhibit a tendency to expire within 3 years. The initial funding might launch them with some 
acclaim, but after a year even if the results were good, the next budget cycle is underway or budgets 
already set, and it is too late for funding to be reallocated from departments who are benefitting from 
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the new services. Typically, a third year of funding might be secured during the second year, but it is 
typically inadequate and even more new investment is required by now to refresh the technology. The 
result is that the project is choked of new investment, service quality falls without a technology refresh, 
deployment resources are insufficient and usage falls - a vicious cycle ensues that is likely to spell the 
demise of the project. 
The approach to tackling the issue of sustainability is to have a "killer" application, for instance AMR 
in Corpus Christi, parking enforcement in Westminster, or an intelligent transportation system in 
Stuttgart. In each of these cases there are tangible and direct budgetary savings and in the case of 
parking enforcement additional income from these services. These effective applications justify initial 
network deployment and running costs. The incremental costs of adding applications with "softer" 
benefits will be modest in comparison and not subject to changes in the political priorities of the 
incumbent administration. 
Another solution is to work with a partner, as in the City of London case study, which can make the 
investments required to deploy the network, and bring in a range of additional content and service 
partners to provide added value services. Such an approach lowers the costs of systems deployment and 
ensures regular updates. Companies such as Earthlink and Cloud Networks have a series of 
partnerships in place, and an existing business model based on subscriptions. This model enabled them 
to take over the existing network assets and operations already deployed by cities or to install new 
networks and make services available to the city as the anchor tenant, with shared revenues in 
exchange for rights of way to city assets such as lamp posts and other street furniture. 
The case study research found evidence of the challenges facing cities such as Norwich, and inner city 
districts in London such as Shoreditch and Newham, which are finding it difficult to sustain ongoing 
operations, move from pilot to full roll out of services, and refresh the technology to meet evolving 
community needs. In the case of Shoreditch, once initial funding from the local authority, UK 
government programmes such as the New Deal for Communities, or EU funding under Objective 2 was 
exhausted, without a sustainable economic model, the municipality or district was faced with having to 
find another partner or closing down the initiative. What often starts as a programme addressing social 
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cohesion and community engagement, or delivering new and more efficient community services on the 
back of a technological model, can quickly become a failed project. 
Hughes (1983) highlights similar issues describing them as "econo-technical" and discussing that one 
of the most important aspects of Edison's activities was his concern for economic factors, at every 
stage of the technology development. Since technological change involves economic, legal, legislative 
and scientific aspects, Edison needed a highly supportive financier network, from the very outset. This 
network was developed with the help of Grosvenor Lowrey and his close association with Drexel 
Morgan and Company. Without this, Edison's inventions could not have been commercialised 
successfully and transferred to other world cities. The approach to systems is similar in the work of 
Insull. Hughes (1983, p. 312) describes the conceptual synthesis involved as "social and market needs, 
financial trends, economic principles, technological innovations, engineering design, and managerial 
techniques". 
In 2008, a sustainable system municipal and community broadband involves all of these social, 
economic and technological component, just as we observed 120 years earlier with the deployment of 
electrical and telecommunications networks. 
7.3 Summary of the factors and a potential planning approach 
Cities and districts may not excel in all of the eight factors described above; however, overlooking one 
or more may reduce or negate the value of the investment, or may determine an unsustainable path. 
Balance is required, spending a lot on services and not enough on accessibility, deploying a network 
without a sustainable business model, developing content without involving users or spending enough 
on deploying the service in the community, will likely produce poor results, as evidenced by the case 
studies and experience in other cities. 
Figure 7.1 provides a schematic depiction of these eight attributes; as a city plans deployment it can 
prioritise needs and the requirements of the system. Cities' needs differ based on overall objectives, the 
specific services they deploy, and the existing capabilities and resources available. Cities can use these 
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8 atti'ibutes to compare competing proposals and evaluate actual deployment against planned 
objectives. The concentric rings in Figure 8.1 represent the levels of importance of each attribute, 
which is assessed by the city authority, and the level of deployment versus best in class examples. I 
have developed a website (www.thinkplaydo.com/cities) that complements my research and provides 
the latest views and examples of best practice. 
Functionality 
Service 
Integration 
Content Accessibility 
Sustainability 
Governance 
Spatial 
Integration Deployment Plan 
Actual 
Figure 7.1: Schematic for ICT Innovation Quotient 
Each of these factors 
provides a measure for planning and assessing the overall effectiveness and sustainability of the CCS 
framework as shown in Figure 7.2 which depicts the primary link between attributes and the relevant 
components of the CCS framework. 
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7.4 Options for Business Models 
The research identifies three of the most commonly employed city broadband network models. I 
summarise these models and consider the criteria that influenced their selection, the forms of 
partnership and vendors involved. 
" City Owned: City authorities work with a number of ICT vendors or an integrator to design and 
deploy a network. City retains ownership of the infrastructure and operates it itself or uses a 
service partner to operate and maintain the network. City works with a variety of third parties to 
deliver services over the network to the community and businesses, taking a share of the revenues 
generated to offset its operation costs. Examples include Barcelona and Corpus Christi. 
® Partnership Model: In return for partial or exclusive property rights, ways of leave, a services 
partner (e.g. Cloud Networks) designs and deploys the network infrastructure at its own expense. 
It owns and operates the assets. The city may act as anchor tenant and buy services from the 
partner to meet its own network requirements. The partner acts as a neutral operator and provides 
services to service provider firms, such as Vodafone, Skype, Vonage, BT Openzone, etc., which 
pay the service partner a proportion of the subscriber revenue, or make a single annual payment 
for the use of the service. The service providers promote the service to end-users, in conjunction 
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with the partner, and may enter into revenue sharing deals with the city. Examples include City of 
London, Canary Wharf, and M-Taipei. 
• Outsourcer Model: City retains ownership of the assets, but outsources the operation and 
maintenance of the network to a services partner. The partner shares or offsets its fees for 
operating and maintaining the network with the revenue generated from selling its services to 
end-users and enterprises. As in the partnership model, the city will likely have requirements for 
network services and become a tenant on the network. An example of this is the deployment at 
Stuttgart. 
While these are the most common models there are others, which consist of a combination of these 
three types. In all the case studies, the cities had recognised that there were limitations in their 
capabilities and that they needed the cooperation of a partner. They recognised the level of complexity 
involved not only in the specialist design and deployment requirements, but also in support for end-
users, provision of new services, management of relationships with multiple service providers, 
provisioning and billing, and licensing issues related to being a telecommunications operator, or being 
a public sector organisation generating profits in competition with private firms. This complexity is 
compounded by the need to continually refresh and evolve the services offered and upgrade the 
underlying technology. 
C o m m o n Decis ion M a k i n g Criteria for Partnerships 
» Experience: The most important criteria in choosing a partner was found consistently to be 
experience and expertise and robustness of its business. 
• Flexibility and Openness: Other criteria include flexibility, especially in terms of network 
openness and the ability and willingness to bring on board other key partners able to deliver 
added value services to end-users. In the case studies in this thesis cities favoured a neutral 
operator model as being the most likely to provide a level playing field to allow other operators 
such as BT, Vodafone, Skype, MSN to deliver services over the network, to compete and deliver 
the best combination of service breadth and price performance. It was hoped that service 
providers would accelerate take up of the service by making it immediately available to their 
existing subscriber bases and act as a channel for the promotion and sale of the service. This was 
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stated explicitly by Cloud Networks, which was involved in the Stuttgart, City of London and 
Canary Wharf deployments. 
" Business Model: Cities in most countries have legal obligations to demonstrate best value and 
having a partner that is ready to deploy a network and bear the cost of regularly upgrading the 
technology in return for property rights of way and revenue sharing is very attractive. Governance 
is crucial in ensuring the city determines overall strategy, is able to make links with other partners 
for the delivery of new content and value added services, and for avoiding lock-in for protracted 
periods or at end-user rates that exclude large parts of the community. 
Subsidising services to bridge the digital divide 
The provision of a free and pervasive community broadband service is an admirable goal and a pledge 
that attracts voters at election time, as evidenced by city initiatives in the US such as at Corpus Christi 
and San Francisco, and Paris. However, city authorities and citizens must understand that there is a cost 
that must be met directly from users, commercial partners or by the taxpayer. Ultimately taxes or 
subscriptions will provide the financing for a citywide network. Other utilities and many city amenities 
carry a charge: what is important is that these charges are affordable. Communities and groups with 
special needs should be supported and interventions in Norwich, the Digital Bridge initiative in 
Shoreditch and community projects reported by W2i, and Muniwireless, are examples of support being 
provided to disadvantaged groups. During the period of the research for this thesis, 2005 to 2008, cities 
have increasingly moved towards an end-user charging model for these networks in place of even the 
provision of a basic entry level service on top of free or zero-tariff basis. 
7.5 Implications for Service Providers 
Practitioners, vendors and service providers need to consider carefully the degree of integration, 
customisation and packaging of their digital technology offerings, and the channels of distribution that 
best reflect the buying or commissioning behaviour of cities and their agencies. Chapter 2 addressed 
the adoption and diffusion of innovation literature focusing specifically on the work of Moore (1991) 
and Rogers (1962). I selected this literature because it provides insights into how city authorities 
behave when faced with deciding about the introduction of a new or emerging technical system, in this 
case digital broadband and municipal wireless networks. 
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We find in the Hughesian model for complex systems and LTS theory, close parallels with the theories 
of adoption and diffusion of products and services proposed by Rogers (1962). Chapter 2 describes that 
at the launch of a new product or service and during its early lifecycle, the early users or customers can 
be referred to as innovators. Rogers (1962) refers to successive waves of users, describing them as 
innovators, early adopters, early majority, late majority and laggards. 
An early user's readiness to adopt an innovation depends on their willingness to take risks to maintain 
or gain leadership, immediacy of needs, capabilities to use or deploy the invention, and how they 
evaluate it. During each phase of the product or services lifecycle the characteristics of the buyer 
change as do the attributes of the product or service and the players involved in sales and 
implementation (Moore, 1991). 
Moore (1991) describes four phases in the lifecycle of a product or service and I discuss below how 
these phases parallel Hughes's (1983) first four phases and highlight the implications for practitioners. 
The innovation phases described in Chapter 2 are introduction, solution, distribution and commodity. 
We now examine the phases affecting municipal and community broadband networks and see how in 
each the attributes of users are different, manifested in different buying behaviour, which in turn 
influences the nature of the offering or service and the type of supplier or partner and business 
relationship. I examine how a city's behaviour and potential requirements reflect the capabilities of its 
administrative and political resources, its attitude to risk and iimovation, and how these shape the 
system including its economic and commercial model, packaging of components, and type of partner 
selected. 
Examples of Cities in the Introduction Phase 
I look first at the evolution of municipal and community broadband networks discussed in the case 
studies, and in other cities, and consider where these cities lie on the adoption curve outlined by Rogers 
(1962) and developed by Moore (1991). Cities in the UK such as Westminster; Karlskrona in Sweden, 
in the US such as Philadelphia and Corpus Christi, in South Korea such as Seoul and Songdo, and 
Taipei in Taiwan, are all examples of municipal wireless networks leading in the first phase of the 
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model in terms of technology and the range of services offered. They are innovators and early adopters. 
All these cities worked closely with several different suppliers and also had their own technical 
capabilities. In this first phase integrated solutions were not available, and innovative cities 
experimented, working with partners, developing new business models, investigating what would work 
technically and which services would bring the most value. Development in Barcelona is taking place 
later, and so is able to exploit the learning of other cities; however, it is still categorised as an 
innovator. 
Solution and Distribution Phases 
The City of London and Canary Wharf saw an opportunity to enhance the amenities available to their 
firms and to offer new services to the highly mobile workforce employed especially in the financial 
services sector. Both wanted to achieve delivery of a complete service that involved low risk, and 
provided a range of ready to go services. Both chose to work with Cloud Networks that could provide a 
fully integrated service to design, deploy, finance and operate the network and had links with partners 
able to provide ready to run services. Cloud Networks had been involved in the deployment of more 
than 9,000 hot spots, and a number if city installations across Europe, and offered a tried and tested 
approach. They had partnership agreements in place with service providers including Skype, MSN, 
Vonage, Vodafone, BT Openzone. This allowed the rapid development of networks based on a ready to 
go business model reduced the commercial and technical risks of deployment, which were Cloud 
Networks' rather than the City of London and Canary Whar f s responsibility. Cloud Networks was able 
to raise the finance from network equipment vendors and private equity to finance deployment and 
operations: it was able to leverage its techno-financier meta-network. These two cities can be described 
as being in the "Solution Phase", and approaching the "Distribution Phase" based on the four phase 
model in described in Chapter 2. 
Vendor and Solution Implications 
The solution offered by Cloud Networks was mass-customisable, meaning that cities could choose the 
scope and nature of the service offered and the basic functionality of the network to be deployed. Cloud 
Networks is a specialist channel rather than a reseller, and although its solutions are packaged their 
offering is not standardised. This model would suggest that in future cities should seek customised 
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solutions, based on well understood and accepted business models that offer predictable returns. This is 
also predicted by in Phases 3 and 4 of the LTS model. What Hughes (1983) does not address is the 
nature of the partners or intermediaries that should be involved in the deployment of networks and 
large scale systems; he addressed only the role of the private or public utility companies. Combining 
the two models, allows the categorisation of the successive waves of adoption of networks, the 
importance of packaging of services and the value proposition including the business model, for these 
large scale systems deployments. It also identifies the nature of the players involved in the 
implementation of networks for municipalities. 
The players can include (a) the incumbent telecommunications service provider (e.g. BT) offering to 
execute the network as a complete offering for a city, and managing the scope, services and charging 
mechanisms for the users; b) a firm such as Cloud Networks, that invests in and owns the infrastructure 
and operates it on behalf of the city, and is a neutral operator; or c) the city working with an integrator 
and directly with vendors to design and deploy its own network and controlling all aspects of the 
service. 
Aligning the two models 
Figure 7.3 shows the alignment between LTS and Diffusion of Innovation models and the overlapping 
and key characteristics. 
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Figure 7.3: Alignment of LTS with Adoption and Diffusion Theory 
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The invention phase of electrical systems, especially the early 1880s, included "battle of the systems" 
Hughes (1983, p. 106), and show cities such as Berlin leading the way and establishing both 
technological as well as business model innovations that later were adopted by other cities. During the 
phase of systems introduction and the initial phases of technology transfer we see reverse salients 
tackled and innovations such as the transformer, the rotary converter, the AC motor emerging. 
Inventors such as Gaulmard, Tesla and Sperry resolved the technological problems that enabled the 
emergence of a more packaged offering, and the revenue sharing business models which 100 years 
later became known as public private partnerships. 
The systems growth phase of LTS is aligned with the solution phase. The reason a large numbers of 
cities began to adopt LTS and in this electrical networks, was that city authorities were seeking to 
minimise their technical risk and preferred to use systems integration partners to help in the 
modernisation and transformation of their services to provide electrical transportation and street 
lighting, and to work with local industry to assist in the transformation. The innovation adoption and 
diffusion model shows that growth in usage is highly dependent on the packaging of the system as an 
integrated offering, and the existence of an appropriate distribution channel to support its deployment. 
The distribution mode aligns with the LTS system momentum phase, and is characterised by the 
emergence of organisations and institutions, education and professional career development, alongside 
the development of a technology exploitation and business model paradigm. Rather than specialist 
consulting firms being required by firms, the power utilities or telecommunications operators can 
advise businesses about the deployment of all but the most advanced of these technologies. At this 
stage in a systems lifecycle, the buyers are often more conservative firms, or city authorities who have 
taken their time to assimilate the paradigm. They have seen evidence from the more innovative . 
pioneers that have now trodden a well walked path and are ready to switch to a new system as they 
perceive the deployment risks to be low and the value of the system to be well proven. 
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As the system reaches maturity, the previously advanced solutions are well accepted; competition has 
produced commoditisation of the system and its solutions; and all but the most laggard of potential 
consumers have adopted the technology in one form or another. 
Implications of aligning the two models 
A first insight is that the buying behaviour of city authorities and related agencies despite their 
organisational and institutional complexities, different capabilities, governance and accountability 
problems, closely parallel the behaviour among private sector firms upon which Rogers and Moore's 
work was based. Decision making maybe more complex and the actors involved within the public 
sector agencies more diverse and dispersed, but the case studies demonstrate that some behave as 
innovators, while others are clearly lagging (Moore, 1991; Rogers, 1962, 1995). Also, this model 
applies both to a city's buying behaviour and to the nature of the value proposition that will appeal, and 
the types of partners or suppliers it wants to work with, i.e. the preferred business model and how the 
system is packaged. It can be seen that the challenge of the Moore's "chasm", discussed in Chapter 2, 
applies to the deployment of these large technological systems as well as to consumer and industrial 
products and services. 
Thus, the introduction of new technological systems is likely to stall, particularly in the Hughesian 
technology transfer or systems growth phases, if: i) the adoption characteristics of the client city 
authority are not properly assessed; ii) the packaging of the system solution and value proposition are 
not aligned with these characteristics; and iii) the vendor's sales engagement model does not align with 
its buying behaviour. The preference of a city to work with a telecommunications operator, systems 
integrator, ICT equipment vendor, or services reseller, is related to its position on the adoption curve, 
and the maturity of the technological system, exemplified by the deployment of other products and 
services (Moore, 1991), and the LTS described in the case studies. 
Practitioners, ICT vendors and providers or related services need to structure their offerings and value 
propositions and design routes to markets to ensure they engage with cities at different positions on the 
adoption curve. As systems and markets mature they will need to adopt new routes to market and 
repackage or enhance their offerings to align with clients' needs. Both smaller firms and large 
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corporations entering this sector with digital solutions for cities are currently struggling and are in the 
very early stages of implementation of municipal wireless and community broadband systems. They 
are failing to progress to the systems growth phase, or to transfer technology developments fi-om other 
city implementations. The challenges facing firms and the speed of adoption and diffusion of these 
technologies are consistent with those predicted by Moore (1991). 
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8. Conclusion 
The battleground of international competitiveness in the twenty-first century is innovation, and cities 
see themselves in the front line of this battle. They have ambitions to become cauldrons of innovation 
that can enrich not only their surrounding regions, but their nations. More than half the world's 
population is now urbanised, with existing cities growing rapidly and entire new cities being 
constructed to meet the needs of this growing urban population. Cities are being transformed by 
population growth and the need to compete in the global knowledge based, service led, networked 
economy and to address local as well as global sustainability. 
The research presented in this thesis has explored how cities are being transformed by the introduction 
of digital technologies into what firms such as IBM, Intel, Motorola and BT, often refer to as smart 
cities, through major renewals of their ICT infrastructure, the provision of new services for businesses 
and individuals, and the transformation of public service delivery. This chapter recaps my research 
findings. It explains why the CCS framework is necessary, how it was developed, how it might be 
operationalised in smart city initiatives, and where future research activities might be focused to 
provide further validation and extensions to the theoretical contribution of this thesis. 
Technological Determinism and Digital Initiatives 
While deployment models may differ, cities motivations are consistent: attracting firms and providing 
better locations for business; transforming the nature and effectiveness of public services; and 
addressing the challenges of social cohesions and inclusion. However, there is little evidence that 
investments in digital initiatives are delivering these benefits; there is a great deal of technological 
determinism - the view that technology alone is sufficient to create desired social outcomes - evident 
in city authorities', regional development agencies', and national policy plans based on the belief that 
these technologies will deliver major social and economic advantages and are a pre-requisite for 21" 
century competitiveness. 
Integration of Digital Initiatives with Social and Economic Policy 
The rhetoric from municipal offices and local politicians is about ubiquitous high speed access to the 
internet, affordable by all. It is promulgated as a crucial enabler to enhance social capital, attract skilled 
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knowledge workers and provide the necessary infrastructure for the knowledge based economy. 
However, the case studies show that when we move from this rhetoric to reality, there is little evidence 
of a deep and purposeful integration of the ICT infrastructure and service strategies, with cities' 
innovation and broader economic development strategy. With the exception of Karlskrona and 
Barcelona, the digital infrastructure and service strategy is not joined up with the social, economic, 
urban planning, and public service delivery strategies. One of the aims of the research was the 
development of a conceptual framework that could enable cities to integrate these strategies - CCS -
while avoiding technological determinism. 
Assessing the Value Add of Digital Technologies 
Another research aim was to identify and quantify the contribution of cities' digital broadband 
initiatives to date, their relative importance in their plans, and their expectations moving forwards. The 
literature review shows that there are national, regional and firm level data on the benefits of ICT and 
broadband communications, but little relating to the contribution of these technologies and related 
services at the level of the city. My preliminary quantitative analysis in Appendix D demonstrates a 
positive and causal relationship between growth in home use of broadband, and key social and 
economic indicators including skills, employment, house prices and incomes at the level of the city, 
and across cities of all sizes. However there is great variation in outcomes, hence the requirement to 
use qualitative methods to better understand the other variables that were influencing the outcomes. 
Using the LTS model as an initial conceptual framework, I undertook 9 case studies of cities and their 
digital initiatives to explain the factors causing the differences in outcomes and to gain a better 
understanding of how such systems contribute socio-economically. The LTS model provided a useful 
framework because it focuses on the technical system within a larger socio-economic and political 
context. However my research focuses on the city as the unit of analysis, whereas the LTS model 
focuses on the technical system although Hughes's model contextualises this for the city (Hughes, 
1983). This stimulated the need to extend the LTS approach - hence the emergence of the CCS 
framework. 
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Development and relevance of the CCS framework 
Using grounded theory and the LTS model as the starting point for my inductive analysis, I developed 
the CCS framework and reframed the case studies. I extended the CCS framework to become a tool for 
the analysis in this thesis and to provide a framework for cities to integrate the different strands of their 
social, economic and technology policy. It was important for framing my city analyses and their 
deployment and exploitation of technical systems, and as the CCS framework developed and grew 
more complete, addressing more areas, it helped to answer important questions related to the gap 
analysis. 
Contribution to Theory 
This doctoral thesis provides three main contributions to existing work on the LTS model; 
• it extends understanding of the relative importance of organisations; 
• it extends understanding on the role of distinct networks of actors, especially the meta-
network; 
• the CCS framework, which incorporates these two extensions, and enables a reframing of the 
LTS model for its application to cities. 
Relative importance of organisations: this contribution to the literature helps to answer some of the 
questions raised in my own research as well as those posed by Davies (1996) and Constant (1987) 
among others. My findings highlight the importance of organisations as well as individuals and the 
networks of actors that contribute to the commissioning, deployment and exploitation of systems. They 
describe the characteristics of these networks and answer some of the questions raised by Constant 
(1987) about which actors identify, prioritise and are motivated to resolve systemic problems that arise, 
especially in the growth phases of systems. It addresses the problems highlighted by Davies (1996) 
about the need to address the wider structural factors as well as the individual actions that shape the 
development of LTS. When we consider the complex environment of the city and how new LTS, such 
as a broadband networks and municipal wireless, are commissioned, designed and deployed, 
organisations rather than individuals play the more important role. 
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Role of Actors: This thesis research shows that organisations are grouped into distinct networics of 
actors, and there are four networks and their interactions that are important. These are commissioners, 
typically the city authority or its agencies, service providers, which are responsible for detailed design, 
systems integration, deployment and probably system operation. If commissioners have the 
capabilities, as in the case of Barcelona for example, they may also do the integration and deployment 
but most outsource this entire service including design and delivery of services to a third party. The 
third network is the consumer network, the users of the system that exploit the services it offers, which 
includes firms and individuals. Fourth is the meta-networkX\i2LX operates beyond the city, and organises 
the overall technical system, influences its architecture, promotes the benefits of the system to 
consumers, lobbies and encourages commissioners, and shapes their strategies. I refer to this meta-
network as the techno-financier meta-network as it combines the technological insights and financial 
resources required to influence and choreograph the actors in the other networks especially service 
providers, and to resolve the problems that emerge in the growth and exploitation of the system. 
Without this techno-financier meta-network, my research suggests that a new LTS such as municipal 
WiFi or WiMax based wireless communications networks, would not succeed - this area is not 
addressed adequately by the LTS model. Its role is not new but emerges in reinterpreting the 
deployment of LTS in the 19"' century using the lens of CCS. When examining the domain of ICT one 
sees firms such as IBM, BT, Cisco and Intel are fulfilling roles similar to those played by Deutsche 
Bank, Barings, Drexel Morgan and Co. in the 19"^  century with the rise of electrical networks. The 
techno-financier meta-network is required to organise and coordinate the value chain, lobby politicians 
and standards bodies to create the appropriate political and institutional conditions for the value chain 
to prosper, and ensure that technical system's functionality is translated into value for businesses and 
individuals, as part of a complex city system. I would suggest that this network was as influential in the 
growth of telephone, telegraph and electricity networks as it is in the development of digital initiatives 
in cities. 
CCS - Reframing LTS for cities', the CCS framework provides a more complete model than LTS 
theory, for application to cities. It addresses the way that the different actors and their networks 
combine and interact and relates to the key socio-economic, cultural and spatial factors at work within 
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the city. It is this combination of factors and actors that shapes the technological system and influences 
its ultimate contribution. Without the techno-financier meta-network in place, new technological 
systems such as digital broadband initiatives and specifically municipal WiFi based wireless networks, 
are less likely to succeed. 
Implications for practitioners and policymakers 
With regard to the adoption and diffusion of innovation models described in Rogers (1962) and Moore 
(1991), the present analysis shows that these models are relevant to consumer and industrial products 
and services and to city authorities embarking on large scale infrastructure and systems initiatives. 
Unless the service provider network for a new socio-technological system such as digital broadband, or 
municipal WiFi, is carefully configured, its value proposition aligned, and a sales/distribution model in 
place that reflects the needs of the city at different levels of system maturity, these initiatives will not 
achieve widespread adoption. 
The eight factor HQ model described in Chapter 8 was created to provide a practical tool to help cities 
plan deployments, prioritise requirements, assess propositions and measure actual deployment against 
that in other cities. 
Next steps 
Towards the end of 2007 and during 2008, some of the leading municipal wireless network service 
providers, such as Cloud Networks in Europe, Earthlink in the US, have encountered problems in 
launching new wireless city networks. City and local authorities in the US and the UK are rethinking 
their approaches as the take up of new services has been slower than expected and business models 
have proved unsustainable. Shoreditch has discontinued its Digital Bridge pilot; Norfolk County 
Council is still seeking private sector partners, San Francisco and Philadelphia have scaled down their 
plans, and Corpus Christi has sold its network to a private sector operator to manage and deliver the 
service on its behalf. 
As I stated in the opening section to Chapter 4, the quantitative analysis presented is rudimentary: it 
addresses only one geography and data is now available for types of usage at zip code level in the US, 
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and by application. The quantitative analysis in Appendix D serves merely to validate the commonly 
accepted hypothesis that such networks have a positive socio-economic impact at both national and 
regional levels, and also at local and city levels. It shows the variance and provides a platform for the 
case studies to show the how, what and why of systems deployment. Future quantitative analysis could 
be conducted at a deeper level of granularity and extended beyond the US. The HQ model for 
practitioners provides a tool to help cities and other stakeholders plan, deploy and assess the 
effectiveness of their systems. 
It is not evident that a coherent techno-fmancier meta-network is in place nor is there an organised 
service provider network for municipal wireless networks and for the broader transformation of cities. 
The value network is incomplete, with no single actor or confederation of actors emerging capable of 
leading or completing it. IBM has become an important player in terms of organising coalitions of 
service providers and could become the leader of a meta-network. In 2009, IBM organised two 
significant international events that included the participation of the CEO of IBM hosting leaders from 
world cities along with some strategic technology and services partners. There is an opportunity and a 
need for further research into the development of municipal networks, and better definition of the scope 
and characteristics of the techno-financier meta-networks. There is also a space for the emergence of 
distinct groups of actors to organise and lead the development of the value networks and value chains 
to address the complex systems that will be required to support smart cities and districts. In this respect 
there are strong parallels with the efforts of firms such as AEG, Siemens, General Electric and 
Westinghouse in the 19"^  and early 20th centuries to create a more homogeneous approach to the 
deployment of networks in cities, and the success of such ventures. I would add a caveat that cities and 
districts introducing these new initiatives need to have the internal capabilities and competencies to 
engage effectively with powerful service providers. A technical systems strategy led by a service 
provider that is not aligned with urban planning, social and economic development strategies, will be 
unsuccessful. It is important to recognise the uniqueness of the social, cultural and spatial context. CCS 
can help cities to understand the different components of these strategies, manage the interactions 
between the different networks of actors, and plan their integration to achieve successful outcomes. In 
other words - a city needs to act smart if it wants to become a smart city. 
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Appendix A 
Appendix A provides a historical narrative and describes the roles played by specific firms and individuals in 
the development of telegraphy, telecommunications and electrical networks, and draws out some new 
considerations that are examined by this research. 
A.l Telecommunications networks 
When Alexander Graham Bell uttered the words, "Mr. Watson, come here, I want you", a new era in 
communications was bom. These words, spoken into an experimental telephone on March 10, 1876, were the 
first spoken words transmitted via electricity and the culmination of an invention process that the twenty-nine 
year old Bell had begun at least four years earlier. 
What Bell set out to create was a communications system for the spoken word, not a just telephone that he 
patented on March 7, 1876 - patent #174,465, and a few hours ahead of his competitor Elisha Gray. His vision 
was expansive and he wrote in 1878, "I believe in the future wires will unite the head offices of telephone 
companies in different cities, and a man in one part of the country may communicate by word of mouth with 
another in a distant place." (AT&T Corporate History) 
We can consider the first forty years in three major cycles. The first is a period of invention and concentration as 
the new Bell Company and Western Union the dominant telegraphy company came head to head before 
reaching an agreement. The second period from 1880 was the period covered by Bell enjoyed the protection of 
patent monopoly and sought to consolidate its position through control of a combined local and long distance 
operations, before the patent protection would expire. The third period from 1893 sees its position of dominance 
challenged by over six thousand competitors that emerged during the next decade, and how attempts to create 
federated network were fhisfrated by Bell that by now had become AT&T and its financier network. 
The First Cycle: Technological Invention and its Commercialisation 
The first cycle began with those patents and the formation of The Bell Telephone Company in 1877, the 
predecessor company to AT&T. On January, 28 1878, the first commercial switchboard began operating in New 
Haven, Connecticut. It served 21 telephones on 8 lines and operated under license from Bell Telephone. These 
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franchises, together with the parent company, eventually became known as the Bell System. And three weeks 
later, on February 21, 1878, the world's first telephone directory came out, a single paper of only fifty names. 
Later that year President Rutherford B. Hayes administration installed the first telephone in the White House. 
Mary Finch Hoyt reports that the first outgoing call went to Alexander Graham Bell himself, thirteen miles 
distant. The commercial model being employed by Bell was a reflection of the uncertainties in demand and the 
challenges in obtaining the finance. The Bell Telephone Company of Massachusetts was responsible for the 
manufacture of telephones and the operations of the service. It outsourced the manufacture of telephones and 
used leasing arrangements to provide these to the operating companies. The operating companies did not buy the 
Bell equipment, it was leased to them on a 5 or 10 year agreement which allowed Bell to take back the 
equipment and purchase the property when licenses expired. This model was developed with Boston Financiers 
and ensured Bell could control, under the license agreements the territories of the franchisees as well as provide 
a steady cashflow to build and expand the business. Each of the franchisees provided a highly localized services, 
initially point to point services for commercial customers and then with the invention of the central exchange 
allowing all the customers to reach any of the others in the network. The high fixed cost of setting up exchanges 
give first mover advantage to the fi-anchisee and any competitor coming into the same territory would be 
disadvantaged as they would be unable to link their subscribers to the existing network and its subscribers 
without the duplication of the network and with the high fixed costs, this would have been uneconomic, creating 
a natural monopoly for the initial local operator. The President of Bell was Gardiner Green Hubbard, Bell's 
father in law and a philanthropist, lawyer and financier. Hubbard was not new to the utility business having 
helped establish the city water works in Cambridge, Massachusetts, was a founder of the Cambridge Gas 
Company, and and later organized a Cambridge to Boston trolley system. His interest in the telegraphy 
presaged his connection with Bell, as he lobbied Congress to pass the U.S. Postal Telegraph Bill in the 1860s. It 
was Hubbard who hired Theodore Vail, as General Manager and was later to become its President and the 
President of AT&T. He was hired from US Mail Rail Services so brought with him a deep understanding of not 
only mail services, but telegraphy. The telegraph and railways had marched across the American Continent like 
the "Siamese twins of commerce". The telegraph companies used the right of way privileges and the railways 
used the telegraph services to coordinate flows of traffic. (RL Thompson 1947 p204. Wiring a Continent), and 
Western Railroads command and control systems supported by telegraphic intelligence represented the first 
modem carefully defined internal organizational structure used by an an American Enterprise (Chandler, 1977 P 
97). With Vail's background, and relationships, the Railways would have been an obvious target market for this 
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new technology. In 1879 the Pennsylvania Railroad became the first to install telephones and by 1910 had 
20,000 miles of wire, 13,000 phones. Later we will see how JP Morgan's support was crucial to Vail becoming 
President of AT&T and the role of the financier community led by JP Morgan in resisting the rise of a 
federation of telephone companies seeking to compete with AT&T. Morgan also owned over 5000 miles of the 
US Railroad network so was well acquainted with the importance of the telegraph, and its transforming effect on 
the structure and distribution of firms and centralised management. Vail brought much needed structure and 
systematic accounting to Bell. In 1879 the holdings were reorganised as the National Bell Company, with an 
expanded group of investors including William Forbes. Hubbard relinquished the presidency to Forbes and it 
was he and Vail that formed National Bell into a modem managerial company. (Garnet, 1986)'. A point we will 
return to later as we explain the role of highly technologically oriented financial investors. 
The limitations of the technology in terms of distance of transmission, compared to telegraphy and its initial 
demonstration positioned it, in the mind of the incumbent telegraph company, Western Union, as a device for 
residential users rather than the business user. In fact, the first line, from New York to Philadelphia, would not 
open until 1886, and another six years would pass before New York and Chicago could be linked with a 950-
mile circuit which was the longest line possible with the existing technology. It would not be until 1915 that a 
transcontinental line would open. Compared to the national telegraph network with over 100,000 miles of 
routes, and quarter of a million miles of telegraph wire, the reach of telephony was almost entirely local to cities 
and their immediate region. However as Western Unions telegraph subsidiary started losing customers to the 
telephone it entered into a race to "occupy the field", and be the first to operate a local exchange and provide the 
local network. 
The battle was resolved with the creation of a duopoly. Western Union and Bell came to an agreement whereby 
Bell would local telephone operations and Western Union would own the long distance message market. 
Importantly for Bell, the settlement as it related to long distance communications only covered telegraphy, and 
allowed Bell freedom to develop the long distance voice market. The limitations of the technology made this 
some way off, which might explain Western Union's willingness to give this up. This agreement coincided, to 
the day, with Bell winning a patent infringement suit against Western Union. As a result of this settlement. 
Western Union relinquished its telephone patents and the 56,000 phones it managed, in return for 20% of Bell 
rentals for the 17 year life of Bell's patents. This decision enlarged Bell substantially, which now managed 
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133,000 telephones, and a new entity, The American Bell Company, was created just over a year later. And so 
the first cycle comes to a close at the end of 1879 with the dominant telegraphy company agreeing not to enter 
the telephony market for seventeen years. 
The outcome of this law suit was crucial to the success of Bell Telephone. By the end of 1877, they had just 
3,000 telephones installed. They were the David to Western Union's Goliath with its 250,000 miles of telegraph 
wire. Had the law suits outcome been different, or an alternative technological solution found to exploit Western 
Union's network for voice, the history of telephony could have taken a very different path. As the Boston Daily 
Advertiser wrote on October 25, 1879, "Now that litigation is ended and the world is all before it, the Bell 
telephone has a future of fame and fortune in store for it, not surpassed by any of the great discoveries of our 
time" 
Second Cycle; Systems Growth and Control 
And so we enter the next cycle, the era of patent monopoly and the race to consolidate Bell's position before 
their expiry. By 1880 there was an exchange service in 998 American cities. Vail's strategy was to defend Bell's 
monopoly position by focusing the company on the development of the long distance market (Chandler 1977, 
Page 201). The expiry of the patents was a vital imperative for innovation and Bell continued to generate and 
protect new telephony patents. Vail described the goal of "surrounding the business with patents". (AT&T) 
Another strand of the business strategy was to increase stock ownership in equipment companies and in 1882 
Bell took a majority stake in the Western Electric Company that manufactured the equipment. Bell also took 
positions in local operators to ensure control. We can interpret this strategy as seeking control of the "upstream" 
assets and partners in terms of the equipment suppliers of exchanges, handsets, and other telephony equipment. 
And this is complemented by exercising control and protecting interests in the "downstream" community of 
local operators. With regards to this "downstream" community, the strategy was to substitute their temporary 
contracts on supply of equipment from Western Electric^ for permanent ones and in return Bell would take an 
equity stake, typically around 35%. Bell would also acquired majority voting stock, to frustrate rival acquisition. 
Finally a crucial element of the strategy was to maintain control of through traffic between exchanges; that 
meant that Bell also needed to secure greater leverage over these local operators in terms of standardising 
equipment and gaining technical cooperation in the construction of long lines. By 1880s toll lines were 
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constructed between adjacent local telephone operations starting with the 28 mile Boston-Lowell line. During 
the 1880s, the expansion of toll lines proceeded rapidly and by 1883 there were 10, 616 mils of toll wires 
connecting local exchanges. 
In 1885 AT&T was created as a wholly owned subsidiary of American Bell to construct and operate long 
distance lines. The AT&T business had a workforce of specialists who advised local companies in such matters 
as, general engineering, plant, traffic management, operating and Administrative procedures, and legal and 
accounting. It also acted as a vehicle for raising capital to construct these long distance lines. The rationale was 
that an operator who could provide both local as well as long distance connection, even if that long distance 
connection was only occasional, would differentiate themselves from their competitors and provide a service 
that could command a premium. It was not to be the major source of income but it did guarantee Bell's 
dominant position during the subsequent phases of competition. 
Over the next decade the number of subscribers grew to 656,000 by 1899 and by then telephony represented 
already 0.26% of GDP compared to 0.15% for the telegraph. The telegraph would remain at between 0.1% and 
0.15% until the 1950s despite the growth of telephony and the postal service would continue to grow, 
demonstrating that the introduction of new means of communication expand the options and the overall scale of 
communication rather than replace others entirely. It demonstrates the resilience of existing technologies as they 
gain social and cultural momentum. 
There were many predictions that the postal services would be threatened by first the telegraph, then the 
telephone, and more recently from email. However it has continued to expand, with the US Postal Service 
handling almost 200 billion in 1998. The decline in prices has fallen substantially, especially during the 19th 
century, but postal system revenues are still more than three times larger as a fraction of GDP than they were 
150 years ago. It is not the dominant communications medium and in the 1920s the telephone passed the mail in 
revenue terms and is around four times as large today. In the US, together they represent around 3.5% of GDP in 
200& 
As the following figures below show, the telegraph withstood the early assault from the telephone and it was not 
until a national phone service expanded nationwide in the 1890s that revenues declined before rising once more 
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during the first World War, but then declining as first telex, and then the rise of EDP in the fifties saw digital 
telecommunications substitute it after almost 150years. (Andrew Odlyzko, 2001; Internet pricing and the history 
of communications, AT&T Labs - Research) 
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The mail service has grown steadily through to the 1930's and in both revenue and volume terms the US Postal 
Service continues to grow with revenues in 1998 of $US57.7 billion 
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While telephone revenues surpassed post and telegraph revenues combined in the 1920s, and while flat during 
and just after the second world accelerated steeply thereafter 
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The Third Cycle: Expiry of Patent Protection and a Strategy for Dominance 
At the expiration of Bell's second patent in 1894, there were just 15,000 independent telephones installed, 
representing around 5% of the market. However by the end of 1902 this had grown to 1 million independent 
phones versus the 1.3 million operated by Bell. There were over 3000 non-Bell local telephone systems and 988 
mutual systems. And the relationship between Bell and independent systems stayed the same over the next 5 
years as the number of total users almost tripled to 6. Im telephones. 
Bell accelerated its programme of investment nationwide to drive scale economies as it saw its monopoly profits 
erode through fierce competition from around 6000 companies. In the run up to the expiry of the patents Bell's 
spending on telephone plant increased from $53.5m to $70.1 in the period from 1890 to 1895 driven by the 
strategy to construct its long lines, and in 1891 opened the New York to Chicago long distance line. Although 
long distance represented 3.1% of Bell's traffic, the availability of long distance, and access remained a crucial 
differentiator versus local competitors. To fund its growth, and deliver the scale economies that could defeat its 
smaller competitors it needed outside capital and the external financiers would exercise more power. American 
Bell transferred its assets to AT&T, and AT&T moved to New York to gain better access to national financial 
markets. 
In 1887 Vail had resigned from Bell, in protest that earnings should not only be for the investors but to make the 
service as good and as universal as possible. (Hyde, 1976). But now a decade later in 1907 it was AT&T's 
investment bankers who selected Thomas Vail to become AT&T President. He was closely allied with the 
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Morgan Banking Group who shared the same vision of a nationwide system of communications. The 
management system become more centralised as AT&T emulated the highly centralised management structure 
established in the Railroads. And as JP Morgan, as stated earlier owned some SOOOmiles of US railroads at that 
time, it was hardly surprising that the same vision for a nationwide service, and the management structure that 
should support it were shared by the financiers and most senior executive in the firm. 
The competitive challenge, would not come from one of the much smaller independents, the marketplace had 
become too fragmented, and Bell System had secured the downstream relationships with local operators making 
it difficult for the to be acquired by a competitor seeking to gain scale, and a national service. Instead the source 
of competition would come from a federation of independents. In 1897 the independents companies organized a 
federal association called the National Association of Independent Telephone Exchanges. Technically the 
independents long distance service could have had a good chance of success; however they could not attract the 
financing necessary to construct such a network. Not surprisingly, JP Morgan, William C Whitney and other 
potential investors did not lend their support and later backed Bell System. Under Vail 's leadership the Bell 
System embarked on a programme of horizontal mergers. It used its greater financial resources to purchase 
competing exchanges, acquired 30% of Western Union stock in 1909 exploited the link with the telegraph to 
deliver economies of scope. By 1930 the $5bn Bell Systems had become the world 's biggest monopoly with 
445,000 employees, 200 separate companies, owned and operated 91% of the plant, provided 98% of long 
distance services and accounted for 90% of all revenues. Its subsidiary, 
Western electric manufactured more than 90% of telephone equipment for the US market (AT&T, Armual 
report, 1930) 
Summary of lesson learnt from Telephony 
What we learn from this analysis is firstly, the importance of management and organisations in turning invention 
into innovation, and ensuring their successful and sustainable commercialisation. Secondly, the crucial role of a 
technologically oriented financier community that extends the capabilities of the business, not only financially 
but in many other commercial and strategic ways. Thirdly that controlling, or at least strongly influencing all the 
upstream and downstream components in the overall technological system, and ensuring they are profitable and 
sustainable, and that the influence extends to technology standards, marketing and business support, as well as 
to financing 
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Alexander Graham Bell was an inventor and systems conceptualizer in the mould of Thomas Edison but that is 
where the similarities end. Bell had little interest in being an inventor-entrepreneur like Edison, and after he 
married Mabel Hubbard in July 1877 he set off for a long honeymoon in England. The business was left under 
the guiding hands of his father in law, Hubbard who was President of The Bell Company and a lawyer, Sanders. 
Bell was to continue his career as a scientist and inventor. (AT&T Corporate Archives). Hubbard and Bell, 
perhaps with the help of the local investor community, recognised the gaps in their commercial and managerial 
capabilities and brought in first Vail and then Forbes, and rapidly expanded the investor base. 
The creation of a managerial structure and organisation, to support the commercialisation of iimovation, will be 
a pattern we will later see repeated with Edison, and the growth of electrical networks. With Edison we will see 
how Grosvenor Lowrey, Edison's astute lawyer brought in finance, as well as managerial and technical 
expertise with the hiring of Francis Upton, and Samuel Insull. And not surprisingly we will see again the 
connection with JP Morgan. 
Crucial to the growth of Bell was Vai l ' s strategy for one system, one policy, universal service which was 
realised through the creation of a national network, and this could be best secured through the financial and 
technological control of the "downstream" component; local operators who in turn were enabled by the Bell 
System's centrally provided services. And we see the control extending "upstream" with the acquisition of 
Western Electric who manufactured the equipment. Creating, enabling and then controlling the upstream and 
downstream components in a large scale technological system is a pattern we will see again. 
A2 Electrical Networks 
Municipal broadband, ubiquitous wireless access and digital services are heralded by city authorities as being an 
essential enabler of the transformation to the knowledge based economy, and crucial to the attractiveness of 
their cities for the high tech and service and led industries and skilled knowledge workers, as well as bridge 
social divides. Their innovative capacity would seem to depend on the wide spread deployment of these 
networks and as we will read later in our case studies. This thinking, especially politicians at national and 
especially city level is not new and much the same was said of electrical networks. For instance: 
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Governor Gifford Pinchot of Pennsylvania 's comments were typical of the time " a plan to bring cheaper and 
better electric services to all those who have it now, and to bring good and cheap electricl service to those who 
are still without it. It is plan by which most of the drudgery of human life can be taken from the shoulders of 
men and women who toil and be replaced by the power of electricity". He added, "steam power might well say 
of electricity - One mightier than I cometh, the latchet of whose shoes I am not worthy to unloose". Pinchot 
wanted every home to have electric light, heat and labor saving appliances, that electricity would turn slums into 
garden cities, put small industrial communities in place of gargantuan, chaotic cities and that "electric power 
was capable of showering on the people gifts of unimaginable beauty and worthy" And Daniel Bell quotes 
Paul Valery in the Coming of the Post Industrial Age, "Electricity in Napoleon 's day had about the same 
importance as in the days of Tiberius, could have ascribed to Christianity the innervation of the world by 
electricity is more fraught with consequences, more capable of modifying life in the future, than all the so called 
political events which have happened from Ampere ' s day to the present time". (Valery 1948) 
The parallels are striking between the visions for fransformation enabled by a new technological system, so let 
us review what lessons we can learn from the evolution of elecfrical networks. 
An era of invention of technology and systems 
On 20 October 1878 Edison announced his brainchild, not only an incandescent filament lamp, but a system that 
would bring electric light to private houses, at lower cost than gas and confident in his assertion that a central 
generating station would furnish light and power to all the houses within a circle of half a mile. Just five days 
earlier the Edison Electric Light Company had been formed, yet at that time he had no practical incandescent 
lamp, generator, distribution system, metering capability. These were all still at least a year away (Hughes, 
1983) but what he did have was a systems concept. By late 1879 he was confident of the essential design and 
manufacturability of his map and generator and shifted his emphasis to the development of other major systems 
components. At his Menlo Park laboratories he was able to demonstrate a pilot-scale system, and by early 1880 
was costing and developing the business case to support a planned central station in New York with 10,000 
lamps. By confrast in the UK Joseph Swan the British inventor of the incandescent lamp was equally far 
advanced in tlie development of the lamp, but not of a system and according to Hughes acknowledge in private 
conversation the superiority of Edison's system. In Edison's view if an inventor only created a component, he 
remained dependent on other to invent or supply other components. It is this ability as a systems conceptualiser 
that marks Edison from his contemporaries. 
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Edison's own words illustrate his approach to systems as he wrote, "the improvement in one component in a 
system will reverberate throughout the whole system and cause the need for improvements in other components, 
thereby enabling the entire system to fulfil its goals more efficiently or economically". And as Passer explains 
"The most significant aspect of Edison 's activities in electrical lighting was his concern at every step with 
economic factor". (Passer, 1981) Or, as Hughes would put it, his systems approach was "econotechnical". And 
of course, the systems problems facing Edison had additional dimensions. They were simultaneously economic 
as in how to supply electric lighting at a price competitive with gas; political, as in how to obtain permission to 
deploy the system; technical as in how to organise the power network efficiently for transmission; and scientific, 
in terms of how to keep the filament burning brightly. (Law, 1986 p i 11) As we can see the technological system 
is indissoluble fi-om the socio-cultural and economic system. Hughes describes this as a seamless web. However 
as we will show the web is far f rom seamless, it has many components and many of the interactions between 
each boundary are "coin-operated". Unless the actors that manage those interactions or control those boundaries 
are incentivised, the so called seamless web, will literally come apart at the seams. 
By December 1880 Edison Electric Illuminating Company (EEIC) of New York was incorporated and it would 
be EEIC that would build the central generating station, while Edison Electric Lamp Works would turn out the 
incandescent lamps in quantity. The Edison Machine Works would build the dynamos and the Edison Electric 
Tube Company would be responsible for the underground conductors. These were all formed in 1880. Edison 
with an acute understanding of the regulatory and marketing issues as well as the technological ones, had chosen 
to use underground steel conduits to encase the electrical power distribution system rather than an aerial system. 
By likening his distribution system to gas distribution and the regulations covering the rights or way or "leaves 
of passage" he was better able to meet existing regulation for energy distribution, as well as articulate the 
concept of electrical power distribution to consumers as it appeared consistent with an accepted paradigm. 
Ever the showman, in December 1880 the Mayor and Aldermen of New York City were invited to Menlo Park 
as Edison sought the franchise to lay the distribution system for the first electric lighting system. There were 
vested interests opposed to such a scheme, including the gas distribution and lighting firms, as well as the city 's 
gaslighters. The party arrived at dusk, and Hughes describes how they saw tiny lamps glowing outside the 
laboratory and after a tour and demonstration and as time for dinner approached they were taken upstairs to a 
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darkened laboratoiy where the lights were suddenly turned on to illuminate a lavish buffet prepared by 
Delmonico 's . As we will see later, the showmanship was not to end there. 
On the 4 September John W Lieb, the Mayor of New York, threw the switch on the 257 Pearl Street central 
generating station and current was fed to network of incandescent lamps in New York ' s financial district. This 
included the 23 Wall Street offices of Drexel Morgan and Company, was well as restaurants, cafes and bars in 
the vicinity, frequented by other investors, lawyers and entrepreneurs. The generator bore the name Jumbo, after 
the great elephant brought to America by Phineas T Bamum. 
Technology Transfer 
In the intervening period Edison had been active not only in terms of technological invention and company 
formation, but also in terms of transferring his technology across the Atlantic to London, Paris and Berlin, 
Europe 's leading cities. Working with Drexel Morgan and Company 's British and European Network, Edison 
exhibited first at the Great Exhibition of 1881 in Paris, then at the Crystal Palace Electrical Exhibition in 1882 
and that same year in Berlin. Emil Rathenau who was to become founder of AEG, and was later to be 
considered the inventor of the principle of market creation through investment financing, and Werner Von 
Siemens, founder of Siemens and Halske, seized the opportunity to work with Edison. The German Edison 
Company was formed that year and by 1887 Siemens and Halske and German Edison Company later to become 
AEG made an agreement for the financing, and construction of generating stations, distribution systems and the 
manufacture of plant and electrical equipment and appliances. On the 11 April 1882, Edison's system was 
opened for inspection at London Station, Holbom. The station supplied 1000 lamps and lit the street lights from 
Holbom Circus and Newgate Street to the vicinity of the General Post Office. As in New York, the lamps were 
deployed in hotels, restaurants and stores, in an area where their visibility not just to the general public, but 
influential business people could be assured. Within 2 weeks of the opening a House of Commons select 
committee heard testimony on legislating for this new technology. Over the next 5 years the rate of 
technological development would continue at a pace, with the invention of alternating current, AC/DC rotary 
converters, transformers, alternating current dynamos, and a wide array of electrical appliances. These ranged 
from domestic and industrial appliances to streetcars. 
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During this period, the "battle of the systems" would be joined and Edison would do battle with Westinghouse 
using yet again a level of theatricality that is worth a brief digression. Harold Brown was hired by Edison to help 
make the case for DC. In 1888 at Columbia College School he electrocuted a dog, demonstrating that the same 
level of power from DC current would make the dog yelp but apart from the singed fur, was relatively 
unharmed. By contrast the same current administered using A C killed the dog. Demonstrating the lethal 
capabilities of A C and generating fear, uncertainty and doubt about its safety with the general public was not 
sufficient. Edison went on to develop the electric chair as a means of "humane execution", and naturally used 
his competitors AC power as the lethal current. This was first deployed in New York State for an execution at 
Albany. The publicity may have benefited Edison in the short term, but AC had benefits in more efficient and 
long range distribution and with the invention of the AC dynamo by Nikolas Tesia, it now had a range of 
electrical appliances, other than lamps that could exploit the current for motive power. Tesla had previously 
worked with Edison, but by 1888 had come to work with the Westinghouse Company and in July that year 
Westinghouse had acquired the patents. 
Systems Growth and Social and Institutional Momentum 
The battle of the systems was resolved by the end of the 80 's and both AC and D C current would co-exist in 
hybrid systems that exploited their relative merits as part of a greater system. And by that time London, Paris, 
Berlin, Frankfort, Chicago had extensive electrical networks, new industries were being spawned, the systems 
momentum was building as new institutions and education took root in universities, and a skill base of 
professional electrical engineers and consultants had emerged and were helping industry transform. Even entire 
cities, as we will see later in the example of Berlin were being transformed economically, spatially and in terms 
of the industrial base; while sadly others that had not seized the opportunity of exploiting this new source of 
energy would be bypassed. 
But before proceeding further with this short history, we will go back to the late 1870's and examine the 
organisation and financing of Edison 's early entrepreneurial venture and the role of a number of key actors. 
The Role of the Organisation 
Hughes posit ion's Edison as the archetypal Inventor-Entrepreneur, and later we see the emergence of other 
stereo-types, the Engineer-Entrepreneur as exemplified by Charles Merz in the UK or Oskar Von Miller in 
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Germany, and the Manager-Entrepreneur such as Samuel Insull who had worked for Edison and later led the 
deployment and operations of Chicago's electrical system. Each of these is considered by Hughes as the key 
actor in the different phases of large scale systems deployment from the initial phase of invention, through 
technology transfer and systems growth, to the building of momentum through social and cultural organisations, 
institutions and associated commercial networks. But are we right in positioning in Edison in this archetypical 
role, and are the subsequent phases dependent on the emergence of such "heroic" individuals? Could 
organisations play a much larger role, and could their commercial motivations be not only an essential driver in 
systems evolution and growth, but perhaps be the crucial component in ensuring individual creativity is 
transformed into new technological systems, and those systems flourish, displacing or complementing existing 
technological systems. 
Edison was clearly an inspired and creative leader. However Francis Jehl who worked for Edison for over 40 
years, was one of Edison Pioneers in 1879 testing different filaments and in the 1880s helped transfer Edison's 
technology to its operating companies and business partners in Europe, wrote in a confidential memorandum, 
assigning the role of master conceptualizer to Francis Upton, describing him as the user of science how invented 
ingenious solutions to technical problems (Hughes, 1983). Upton was a mathematician, had joined Edison in 
November 1878 and brought another and more rigorous analytical dimension to development at Menlo Park. As 
Jehl continues in his memoirs, Menlo Park Reminiscences (1936): "When an abnormal man can find such 
abnormal ways and means to make his name known all over the world with such rocket like swiftness, and 
accumulate such wealth with such little real knowledge, a man cannot solve a simple equation, I say such a man 
is a genius - or let us use the more popular word - a wizard. So was Bamum! Edison is and always was a 
shrewd, witty businessman" 
We also have a picture from Hughes that "Edison did not sufficiently articulate his technological and economic 
concepts to enable large organisations to make decisions and to carry out policies without his immediate 
supervision". When we examine the financing required and organisation necessary, in those very early years to 
turn technological inventions in technical systems and resolve the multiple system dimensions we describe 
earlier, this is not compatible with an inspired leader who cannot articulate his technological and economic 
concepts. Only when such an individual is surrounded and supported by an enabling organisation, 
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complementary skills and resources is it likely that investors will entrust their money, and the multidimensional 
systems challenges facing the introduction of a new technology will be successfully resolved. 
And the crucial influence is perhaps found with Grosvenor Lowrey who was to become Edison's Chief Counsel, 
and much more besides. In the 1870's and as a young man working for Western Union Telegraph, Edison had 
built his reputation with inventions that aligned the stock tickers in brokers offices with the central station, 
including the design and manufacture of 1200 high speed tickers. He also put himself on the map with the 
investor community at that time whose effectiveness depended on the reliability and speed of the telegraph. By 
1877 he signed a Memorandum of Agreement to provide "all inventions and improvements capable to be used 
for landlines of telegraph or upon cables in the United States" (Edison Papers, Rutgers). Lowrey was General 
Counsel for Western Union and became a close friend of Edison. JP Morgan was a director of Western Union. 
Lowrey 's offices were at the Drexel building, as were Drexel, Morgan and Company. As Hughes describes, as 
technological change involved economic, legal and legislative factors as well as scientific ones, Edison needed 
Lowrey and it was he who guided Edison in matters involving Wall Street, New York City politicians and patent 
applications, obtaining funds from the Vanderbilts and Drexel, Morgan and Company. It was Lowrey who wrote 
to Edison in 1878 recommending Francis Jehl who had been working at his firm, and in that same year Lowrey 
was instrumental in the hiring of Francis Upton to conduct searches of relevant technical and scientific literature 
to allay the fears of Edison's investors. (Edison Paper, Rutgers). Upton was later hired as Edison Mathematical 
and Experimental Assistant, and subsequently became Edison's business partner in a number of Edison 
companies as well as becoming the President of Edison Pioneers. In that same year that Lowrey began the 
negotiation with Drexel Morgan and Company for the foreign rights to electrical inventions. In establishing the 
international linkages necessary for the transfer of the technologies and the exploitation in Europe, Lowrey 
persuaded Edison to drop the relationship with Puskas who had represented him on the phonograph business and 
convinced Edison that the American Banking house and its overseas partners could transfer Edison 's technology 
more effectively than "continental people". Drexel, Morgan and Company 's British and European network 
could effectively exhibit the Edison systems in London, Paris, Vienna, Berlin and elsewhere in Europe in order 
to draw attention to the technology and to dispose the patent rights. And when the going became much tougher 
in the mid 80s and Edison struggled to fund the expansion of EEIC and not even a tenth of the sum needed 
could be raised, the Drexel, Morgan Syndicate somehow "squeezed out some money from elsewhere". (Hughes, 
1983) 
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And so we see the crucial enabling role of an organisation, especially the influence of JP Morgan and the direct 
involvement, even leadership of Lowrey to shape the development of the Edison companies and of Edison 
himself. Their involvement included a combination of technical and financial skills as well as deep and direct 
experience in the management of other large technical infrastructure sectors, namely the railroad and telegraph. 
And as we saw in the earlier section, JP Morgan was deeply involved with Alexander Graham Bell and the birth 
of telephony where a similar pattern was emerging. All of these sectors demanded advanced management and 
organisational structures to support highly distributed as well as technologically driven industries. Lowrey and 
Morgan ensured that Edison 's extraordinary inventive talent and vision were complemented by managerial, 
technical and financial rigour. 
Creating Value: Contrasting the Development in 3 Cities 
We will now contrast the development of the electrical networks in three cities. This can provide insight into the 
importance of governance and the form of partnerships between the city authorities and the private electrical 
utility companies. We will also see the importance of demand creation with key actors working "downstream" 
of the generating firms, developing new uses of electrical power and balancing the load to ensure efficient 
operations, as well as the development of new innovations "upstream" of the generating firms in terms of new 
technologies and equipment for generation and distribution. 
A2.1 Berlin - Elektropolis 
The relationship with Siemens went back to the late 70s when Edison acquired dynamos from Siemens and 
Halske, and Emil Rathenau visited Menlo Park and attended the Paris Exhibition of 1881, as did Werner von 
Siemens. Von Siemens had founded the Berlin Electrotechnischer Verien (BEW) in 1879 and in 1882 Rathenau 
and Edison formed the German Edison company that was later to become AEG. AEG and Siemens had come to 
an agreement earlier about partnering to drive the growth of electrical networks and working in a highly 
complementary form as explained earlier, and in 1888 BEW was taken over by AEG and became a wholly 
owned subsidiary. Hughes points out that the Berlin officials drew upon the proud tradition of the Prussian civil 
service, demanding and receiving the same respect and authority that public officials of the state and national 
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governments received. Consequently the municipal government was not overawed by the technical, managerial, 
scientific and financial power of its private utility. 
The city and the utility negotiated a series of contracts not only for revenue sharing of the private company but 
to shape the scope of services the municipality believed would benefit it citizens and the industrial firms in the 
city as well as those it could attract 
As we will see later this contrasts with England where legislation retarded technological change and imposed 
restrictive conditions to protect the gas interests. The Municipal Authorities negotiated that 10% of the utilities 
gross income and 2 5 % of its annual net profit would go to the city; that the city would also regulate prices; and, 
because it wanted this new light for its streets and public buildings, the price for this service was specified. It 
also obliged the utility to supply any customer who agreed to take the service for three years. The approach 
included a compulsory purchase clause at a later stage on the basis that as electrical lighting was a new, 
unproven technology, private enterprise should take the risks, and the franchise granting government should 
share the income and look forward to compulsory purchase after the utility had been tried and proven. The view 
that prevailed then was that taxpayer 's money should not be invested in technical innovations of a commercial 
kind. 
With the rapid increase in demand the company's directors decided to install capacity beyond the load that could 
be immediately connected. They were not concerned with capacity would stand idle; they demonstrated 
"preferences for the public for electric light, especially the lively nightlife of the city, the erection of numerous 
new buildings and the rising living standards of the city" assured them that the systems load would soon again 
reach the limits of capacity (BEW 1888). 
In terms of demand development, the city and its utility were highly active. AEG financed its customers, helping 
for instance horsecar companies convert to electricity or stimulate companies with new franchises. Another key 
actor was Frank Sprague. Sprague was instrumental in the development of electrical traction and the street car or 
tram and soon Berlin was to have the most modem electrical tram system of its kind in Europe. In cooperation 
with banks in Berlin and elsewhere, it also financed and constructed power plants for electric supply utilities and 
industrial facilities that used heavy power equipment. Rather like the role of Morgan Drexel with Edison we 
find a strong financial connection with the rise of the electrical industries in Germany. Georg von Siemens was 
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the cousin of Werner. After working for Siemens and Halske, he had risen through the ranks to become the head 
of the Deutsche Bank in Berlin,. Deutsche Bank was a leading Kreditbanken and such banks had great industrial 
influence during Germany 's rapid industrialization in that epoch. (Hugh Neuberger, The industrial politics of the 
Kreditbanken, 1 8 8 0 - 1914) 
As Hughes explains "electric light and power helped shape Berlin 's architecture; deeply influenced the design of 
its factories, and workshops, and chemical plants; stimulated industrial growth; determined the location of the 
city 's transportation systems; provided telephone and telegraph communication; and when substituted for steam 
power, lessened noise and dirt. In short electrification affected the way in which workers labored and 
management organized, and Berliners lived." (Hughes 1983) 
Beyond Berlin AEG was financing and supplying technology to power plants across Germany, taking an equity 
stake in these firms, meanwhile Von Siemens had established the first chair of machine construction and 
electrical engineering in 1883 at Charlottenburg, and within a few years a substantial research centre was well 
established with eighty researchers. It was in response to technical challenge from European research 
laboratories that threatened to displace Edison 's carbon filament bulb that GE Research Laboratories were 
formed, separating research f rom everyday production problems. 
In summary, we see a governance model of an enlightened and technologically informed Municipal Authority 
working with a private sector partner to deploy a new technological system. We see the role that AEG and 
Siemens and Halske played in exploiting the technological invention of Edison. Crucially we see private 
enterprise actively developing demand for electrical power, from electrical traction and new methods of 
industrial production, to home lighting and appliance. And we see them investing in new product and industrial 
process development. We see evidence of the making of markets as AEG took a financial position in 114 power 
plants supplying over 30 % of Germany's electricity. Finally we note the role that Werner Von Siemens played 
in creating the systems momentum Hughes refers to, through the establishment of research and academic 
centres. 
A2.2 London - A City Bypassed by the Electrical Revolution 
The contrast between London and Berlin is stark. As Hughes wrote: 
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"Just as Manchester, Birmingham and other British Cities were the centers of the first wave of industrialization, 
certain cities will be clearly identified as the sites of the second. Among the urban centres of the second will 
surely be Chicago and Berlin; among the cities by-passed will be London. Consideration of the electrification of 
the first two before 1915 and the laggard development of the third will provide some understanding of urban 
industrialization in the modern era". (Hughes, 1983 p l75) 
Parliament ties the network in a legislative nnot, 
Britain, and London in particular should have been at the forefront in exploiting this new technology. The 
Crystal Palace Electrical Exhibition of 1881 was reported sensationally and London's station in 1882 opened 
ahead of the Pearl Street Station in New York City. Within 2 weeks of its opening a House of Commons select 
committee was formed to discussion regulation of this new power generation and distribution. The first electric 
lighting act came into being that year after the committee headed by Lyon Playfair brought forward its 
recommendations. These put electrical power under the jurisdiction of Local Government Authorities in 
London, of which there were 29, and that any private companies that received licenses could be purchased in 21 
years upon demand. In 1883 the Board of Trade granted 69 provisional orders for central stations and 62 were 
revoked, the following year 4 were granted and none in 1885. In October 1884 Joseph Swan, the British 
inventor of the incandescent light bulb and Edison informed the board of trade that the regulations were 
"vexatious and harassing" and that local authorities, who also controlled for the most part the municipal gas 
works, would not innovate nor allow private cpatial to innovate because of competition with gas. 
Technological Advances impeded by vested interests 
The amending bill became law 4 years later extending the period of tenure for private companies from 21 to 42 
years. Meanwhile technological ambition was not being matched by successful deployment. First there was a 
fire that destroyed the Holbom Station. Later a highly ambitious project for the central supply of London failed. 
Stimulated by the amended bill, Sebastian X de Ferranti brought forward the idea of the central supply for 
London, and this 23 year old, dubbed the Michelangelo of Electricity, backed by enthusiastic investors 
registered the London Electric Supply Company with authorised capital of £1 million. Work began on the 
Deptford station in 1888 with a plan for four mammoth 10,000 HP engineers with ultimate capacity of 120,000 
HP. In October 1890 the power station first transmitted current to London but by the 15 November it was 
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destroyed by fire and discontinued service for 3 months. By August the following year it was lighting some 
30,000 lights but it was also during a time of rapid technological advance and polyphase current and its efficient 
transmission were becoming mainstream and the Deptford plan was behind this new technological wave. 
Ferranti resigned. Others including Charles Merz who had so successfully developed and deployed a regional 
power system in the North East proposed solutions for London, but as Lloyd George, who then headed the 
Board of Trade told him "my dear young friend, this is not a question of engineering, it is a question of politics". 
(Charles Merz Biography, 1936 p i 9 ) 
Lack of technological and commercial influence on local decision making 
In Berlin, there had been individuals who could bridge between the worlds of technology and politics. The 
presence of bankers and industrialists on the board of BEW added coherence and integration of finance, 
technology and industrial interests. Such a combination needed to overcome the vested interests of the divided, 
even competing local authorities in London did not exist. 
Failure to spawn new industries or transform the effectiveness of new ones 
While the power for electrical network of Chicago and Berlin was generated by just 6 large central stations. 
Greater London had 70, 65 separate utilities, 49 different types of supply system, 30 different voltage levels 
(LCC report 1914). Each utility had to work with relatively small local electrical manufacturers or import 
equipment from Germany or the US. It was problematic for suppliers of electric lamps and appliances to supply 
so many different "standards". As a result London and the UK could not spawn the progressive new industries 
to deliver products and services to support the electrical industries and supply consumers and industry with the 
equipment it needed. The fragmented market impeded such supply side development to encourage markets, 
meanwhile on the demand side there was another gap. When Samuel Insull, who had led Chicago's electrical 
utility testified before the LCC, he explained the role of his "electrical shop" in stimulating demand for domestic 
appliances on the ground floor, and for industrial equipment on the "power room" below. He added that he spent 
around £100,000 annually in getting new business, which was more than all the utilities in Great Britain and 
Ireland, put together. 
A study in 1911 suggested a symbiotic relationship between industrialisation and electrification and what could 
clearly be seen in Berlin and Chicago in terms of this link was not present in London. By 1911 only 39% of 
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London 's electricity was used for powering stationary motors, used in industry, versus 66% in Berlin and some 
81% in Chicago when one included traction power. (Klingeberg, p399) 
Forty years later - a solution 
The Haldane-Merz report in 1918 drew the conclusions that parochial interests had to give way to national 
priorities. A subsequent report by Charles Parsons for the Board of Trade on the state of Britain's electrical 
manufacturers and supply utilities, concluded that "the backward state of the latter had the caused the depressed 
state of the former. . . .vested interests and political constraints resulting from ... .conventional conceptions of 
public privilege". It continued that "nothing less than the well-being of the Empire depended on large scale 
deployment of electricity in industrial production". It was not to be until 1926 that the Electricity Supply Act 
came into force creating the Central Electricity Board with the executive power to construct and operate the 
National Grid. 
Summarising London's Failure to Exploit Electrical Networks 
This section opened with a quote from Hughes that London had been bypassed by the second electrically 
powered industrial revolution. We see that the path it took, the branching point (Piore and Sabel, 1989) was not 
driven technologically but one that was a consequence of politics, geographic and local power bases, and the 
vested interests that lay with earlier technologies. That the legislative consequences that put the jurisdiction for 
electrical utilities under each of the local authorities created a fragmentation of supply and standards that 
inhibited the development of the electrical industries in London, and the modernisation of extant industries. We 
also see that there was not an equivalent technical, industrial and financial community able to engage with the 
local authorities or board of trade officials to influence them, and that technical failures fuelled the case to 
maintain the status quo. Without the electrical supply the symbiotic effect with industry, and the opportunity to 
transform it was lost, to the point where politicians saw that it was symptomatic if not the cause of Britain's post 
W W I decline. A lack of engagement with markets, because there was no set of commercially involved actors 
interested in doing so meant that there was no market pull and while London could boast extensive use of 
electric lighting at the turn of the century in comparison to other cities, this was a service associated with luxury, 
provided by small scale utilities at relatively high prices and had little influence on the economic or social 
vitality of the city. 
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A2.3 Chicago - Electrically Powered Growth 
In 1830 Chicago was described as "a ragged settlement of fifty people huddled on the prairie" (Miller and 
Melvin, 1987 The Urbanisation of Modem America Page 126). It was an early a trade centre for farmers in 
radius of 100 miles. Chicago saw its economic power as a trading centre extended by steamboats and then by 
railroads. In 1848, the Great Lakes and the Mississippi River were connected by a canal and within four years 
two railroads completed connections to the East, consolidating Chicago's position as a trading hub. By 
1870Chicago had grown to over 300,000 and with steam boats plying the western rivers and Great Lakes 
position at the centre of a web of railways, Chicago grew spectacularly into a city of more than a million - the 
nations second largest, by 1890. In fact 14% of the world 's railway mileage passed through Chicago in 1905. 
Chicago needed a source of power and having been founded on flat marshy ground it had virtually no water 
power. The city relied almost entirely on steam to power its factories. As it was rapidly industrialising in the 
closing years of the 19"' century its demand for energy swelled and the need and opportunity for an electrical 
utility was evident. In 1892 Samuell Insull left the newly formed General Electric Company, previously and 
Edison firm, to become the President of Chicago Edison Company. He was an Englishman, had emigrated to 
America and had become Edison's personal secretary. He rose through the company recognised for his 
technical, analytical as well as leadership skills. Insull was also politically astute and recognised the City 
Authorities preference for public ownership of utilities. He made an offer for a 50 year franchise to supply 
electricity for the city, but the city refiised, setting up its own firm Commonwealth Electric. But Insull had 
already taken positions with the major suppliers of electrical equipment and had exclusive rights from every 
manufacturer. Commonwealth Electric had no option but to seel the Franchise they had been awarded to 
Chicago Edison. Insull raised the ftinds to build the Harrison Street Central Station and acquired and 
consolidated 20 Chicago Utilities and their market areas by 1907. He rationalised the network using rotary 
converters to integrate the AC and DC technologies and build a hierarchical network of stations and substations 
from the assets of the firms he acquired. It would be almost 30 years before London rationalised its own 
electrical network in this way. Insull worked with Edison's General Electric to develop the largest turbines yet 
manufactured and both partners shared the risk in their development and deployment. Insull focused on 
managing the load factor, carefully analysing the different applications that drove the load and social, market, 
seasonal and financial factors that influenced them. He stimulated demand for new services, made intensive use 
of the press and periodicals to advertise as well as stimulate articles on new services and attracted firms to the 
city from the countryside where they had previously relied on water to power their mills. As mentioned earlier 
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his Electric Shop attracted not only consumers from the city, but also engineers from all over the world who 
stopped on their tour of America to see the very latest applications of this new technology. 
From the 1890's to 1910 Chicago's population grew by just under 600,000, the largest in the city 's history and 
its manufactured output rose to be second only to New York City. As stated in the comparison with London, 
Chicago 's electrical power loads were overwhelmingly driven by industry, and the synergistic relationship 
between industrial growth, the growth of electrical manufacturing and equipment industries and the efficient 
supply of electricity is also evident. 
Samuel Insull was to return to England to testify to the LCC and other parliamentary bodies investigating the 
performance of the London and British electrical industries. He was able to draw the contrasts between a 
London and Chicago's centralised, highly efficient utility that partnered "upstream" with its electrical 
equipment and engineering partners to exploit the latest generating and transmission technologies; its 
"downstream" partners and markets where it stimulated demand and helped firms to innovate in their 
exploitation of this technology, as well as promote its services to consumers; and delivered attractive returns to 
its investors. 
As Charles Merz, a friend of Samuel Insull testified in 1913 to the LCC, "London. . . the largest city in the world 
offers an excellent example of what electricity supply ought not to be". 
Lessons Learnt from the Growth of Electrical Networks 
As we saw with the invention and growth of Telephony, management and organisations are crucial in the ability 
to transform invention into innovation, and to deliver successful and sustainable commercialisation. We again 
saw the role of the technologically oriented financier community, in this case in the form once more of JP 
Morgan, and especially Grosvenor Lowrey, Georg Von Siemens in enhancing the capabilities of the business, 
not only financially but in many other commercial and strategic ways. 
Secondly, as exemplified by Samuel Insull, and evident in the failure of London, we see how crucial it is to 
control, or at least strongly influence the upstream and downstream components in the overall technological 
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system, and ensuring they are profi table and sustainable, and that the influence extends to technology standards, 
market ing and business support , as well as to financing. 
The three cities we selected also show the importance of strong and effect iveness governance, and that 
governance is based on a partnership model . In Berlin we saw a s t rong and respectful interaction between a 
technically and commercia l ly capable city authority, its engagement with industry, technology and financial 
partners on its advisory board and a governance model with the utility that eschewed an adversarial model for a 
prof i t and revenue sharing partnership. In Chicago we saw that those running the city were more likely to inhibit 
rather like London the deployment of a privately owned city wide initiative to replace the f ragmented and failing 
local utilities. W e also noted Insul l ' s astute commercial nous in securing exclusive rights f rom manufacturers 
that al lowed him to exercise the power to establish a private city wide utility. By contrast London ' s governance 
model was inefficient, and the technical and commercial capabilities of the local authorities inhibited a the 
execution of a broader vision for London. That failure cost London forty years or more in the development of 
wha t were then, the new industries and the modernisat ion of its extant industries. 
Together a the literature highlights the importance of governance and the right form of public private 
partnerships, the active engagement and involvement in st imulating "ups t ream" and "downs t ream" networks, 
the role of a actors that combine business acumen and technological expertise, and the need to complement the 
inspired individual with the resources of an organisation to t ransform their inventiveness and vision to deliver 
commercia l and social impact . 
Garnet, The Telephone Enterprise, Chapter 3 
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Appendix B 
Appendix B provides further information on the quantitative analysis completed for the case studies 
addressing Shoreditch, City of London and Norfolk. 
The Shoreditch Trust and Digital Bridge 
The end-user survey was undertaken jointly with Digital Bridge as part of this research programme. It 
comprised of a hard copy questionnaire that was completed by subscribers in their homes, and a series 
of focus groups hosted at Digital Bridge's office. The survey questions were structured in line with the 
metrics in the Local Area Agreement (LAA). The LAA is an agreement established with the local 
authority and central government under which it agrees targets for its key performance indicators. 
The objective was to demonstrate the contribution and capability of the Digital Bridge service against 
these indicators. The four types of indicator and the related Digital Bridge functionality, and relevant 
targets are shown in the table below. 
Indicator type Target Digital Bridge Function 
General Perception 
End to End Fulfihnent 
General Reporting 
Digital Inclusion 
Perception of how informed 
residents are about ASB, 
Fear of Crime 
Graffiti; Vandalism; Fly-
Posting; Fly-Tipping 
Bins, Dog Fouling, Street 
Lighting 
Usage of PC functionality 
V o D views, CCTV views. 
Customer Survey 
Categories in Respect Map 
with LA clearance SLAs 
General category in Respect 
Map 
Computer on TV 
The survey and focus groups were conducted in June and July 2006, with 204 householders and 186 
forms were completed. 
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1. General Perception 
» Flagship VoD has audience share within customer base, comparable to highest rated broadcast 
programmes - 34 per cent viewing figure versus 38 per cent for BBC' s East Enders. 
" Focus group feedback highlights this is driven by locality, relevance and VoD convenience 
" From a public service perspective, a piece of flagship VoD gives providers the equivalent reach 
of prime time, week-day terrestrial broadcast programming 
" Focus group feedback indicates that the CCTV is helping address fear of crime and through 
usage, generating major new community vigilance resource 
Audience Share 
40% 
35% 
30% 
25% 
20% 
15% 
10% 
5% 
0% 
Blues n'Twos Crack Den (STV) 
(STV) 
Eastenders Big Brother Coronation St Commmunity 
Camera Netwk 
(STV) 
2. End to End Fulfillment 
The comparison shown here is with the overall level for the borough of Hackney of which Shoreditch 
is one district and the actual housing estate where the 200 dwellings are, just 5 per cent of the Borough, 
may not be directly comparable with the average. However the findings showed a substantial relative 
improve with the average for Hackney. 
» 600 per cent increase in reporting and clearance of Graffiti over Hackney's normal levels from a 
test area l/2Gth the size of the Borough 
• 200 per cent increase in reporting and clearance of Vandalism over Hackney's nonnal levels from 
a test area l/20th the size of the Borough 
2 8 9 
Fly Posting reported and cleared from the pilot area for the first t ime in 2006, through Digital 
Bridge 
Fly Tipping reporting levels in line with Hackney experience from the pilot area, but shifting 
from phone to online 
ASB Report ing In Pilot Area 
oGrafBU 
m Vandalism 
• Fly-Posting 
O Fly-Tipping 
Pre-DB Reporting Post-DB Reporting 
3. General Reporting 
* 46 per cent have respondents have used the map, a significant increase on reporting from the 
pilot area compared to pre-launch levels of 8 per cent 
• Significant level of reporting into General category (40%) indicates the emerging local priorities 
for residents and the potential divergence with established LAA targets 
« General report category enables these trends to be identified and better focus local service 
delivery 
= Key issues emerging locally include dog fouling, over full bins and street lighting 
Pre & Post Pilot Reporting Type of Items in DB System 
so* 
45* 
AOS 
35* 
30* 
25* 
20* 
IS* 
10* 
5* 
eOraitifili 
a VvneuiSim 
O 'Qbtiit^ I G#neml 
33, 
& iim 
VmiWam. 
7,9* 
Customsfm Using Di To RepoM Issuss Pmf RepMtIng In PNcA 
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4. Digital Inclusion 
" Shoreditch is an area of digital exclusion with less than 30 per cent domest ic access to PCs and 
fewer than 2 0 % of these had a broadband connection in 2005, yet almost 70 per cent of homes 
were reported by Shoreditch Trust of having cable or satellite TV channels. 
" Compute r on T V now used by major i ty of users who have had post-connection training, on a 
daily basis - this rose f rom 60 per cent at the beginning of the survey period to 91 per cent at the 
end of that period 
® Duration of longest session by users each week was averaging around 35 minutes 
* The Focus groups gave posit ive feedback on the speed of internet connection 
Computer on TV users per week 
Average duration of Computer on TV session per week 
OWM006 IZfQMOOe 19,'OM006 2&0MOO6 02/06/2006 09W2006 1&OM006 23'06/2006 30'06/2006 
Norfolk County Council and Openlink 
Online User Survey 
Profile of Respondents and usage: Half of the survey 's respondents were under 35. W e also found that 
half of the people have broadband already in their homes, while around a quarter of the respondents 
used the Open Link exclusively (either at home or at work), as their principle mode of accessing the 
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internet. From this we categorised the users into two types, those who used the service because it 
addresses an affordability issue, and fhose that are highly mobile as targeted in the objectives outlined 
by Charles Clarke, MP 
In terms of personal usage, 54% of respondent had broadband at home (of which 78% have wireless), 
with 28% of the respondents use the Open Link exclusively. While in terms of usage relating to work, 
51% of respondent have broadband at home (of which 33% have wireless), and 20% of respondent 
used the Open Link only. The devices respondents used to connect to Open Link were from a laptop 
PC and the applications they used Open Link for were mainly to access emails, browse the Internet or 
check transport timetables as shown in the following figure. 
Applications accessed over Open Link 
Email 
Browse Internet 
Checking t imetab les 
Instant Messaging 
Connect ing to wo rk 
Download Music V ideo 
Other 
VdP 
Updating Agenda 
Playing games 
Watch ing TV 
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
• Some of the t ime • Most of the t ime b All the t ime j 
Frequency of use: around one quarter of the respondents were using the service at least daily for 
business purposes and around half were connecting to it at least daily for personal use. 
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Frequency of Use 
Open Linik - Frequency of Use 
Almost continuously 
Several times a day 
WeeWy 
Monthly or Less 
5% 10% 1 5 * 20% 25% 
[ • For Business Purposes • For Personal Use} 
Benefits: Respondents reported significant productivity gains (43% up to two hours per week, and 33% 
more than three hours per week). 
Perceived Productivity Gains 
14% 
29% 
• n/a 
• No additional time 
I Less than an hour per 
week extra 
• One or two hours extra 
# Three or four hours 
extra 
a Five or more hours 
Willingness to Pay for the service: Among those for whom the Open Link provides significant benefits, 
only 40% are expressing some willingness to pay for the service. However, less than 10% were likely 
to convert expressing a strong likelihood of taking out a subscription. One third of the respondents 
believe the Open Link should keep running as a publicly funded initiative. 
Making Norfolk a more attractive place to live and work: The respondents indicated that Open Link 
was vei-y beneficial to the region's image. Even non-users are very favourable, but key issues that were 
negative included the inconsistency of coverage across the city and beyond. Importantly, and consistent 
with a similar survey in the City of London we see that almost 90% of the respondents believe the 
service makes the region a more attractive place to work or live . 
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Preference for working or living where such a network is available 
1 0 % 20% 3 0 % 4 0 % 60% 60% 7 0 % 60% 9 0 % 1 0 0 % 
• T o a l i t t le e x t e n t • T o s o m e e x t e n t • T o a g r e a t e x t e n t ® T o a v e r y g r e a t e x t e n t 
Non-User Online Survey 
The survey of non-users sought to identify main reasons for people not exploiting Open Link. The two 
most frequent reasons were lack of coverage, and secondly they already access to the mobile internet 
through the mobile cellular network as shown in the figure below. We did not find lack of awareness to 
be a significant issue, people had heard of the service. 
Reasons for not using the service 
There is no c o v e r a g e w h e r e I l i ve o r w o r k 
I a l r e a d y have m o b i l e i n t e rne t access t h r o u g h a n o t h e r 
The s p e e d a n d g e n e r a l p e r f o r m a n c e are i n a d e q u a t e 
I a m c o n c e r n e d a b o u t secur i t y 
Other , p lease desc r ibe 
S o m e o n e else shou ld pay f o r the serv ice (e.g. e m p l o y e r , 
p u b l i c funds) 
The serv ice o f fe rs i nsu f f i c ien t va lue to me 
0 % 1 0 % 2 0 % 3 0 % 4 0 % 5 0 % 6 0 % 7 0 % 8 0 % 9 0 % 1 0 0 % 
• n/a • Uncer ta in (U) • No (N) • Y e s { Y ) 
Public Sector Workshop 
The Open Link project met its goal of raising awareness of wireless technology among public sector 
organizations and high speed access was made available to public sector employees. However, the 
workshop and subsequent interviews with representatives from public sector departments showed that 
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there was little formal exploitation of the network by the public services, and the perceived benefits of 
using the network, or opportunities to transform service delivery by using the network were unclear.. 
The workshop addressed issues such as creating a thriving regional economy; transforming the quality 
and effectiveness of service delivery; and enhancing social cohesion and community engagement. The 
participants suggested that this could be achieved through two types of application: machine to 
machine, and multi-functional mobile front line applications to support the front line resources. 
Potential Applications and some of the inhibitors: Participants stated the need for small scale pilots to 
demonstrate the benefits of some trial applications. This would give the confidence to innovate in 
service delivery out of the office. This would allow the WiFi network to demonstrate that it can both 
reduce deployment and operational costs of machine to machine networks (e.g. CCTV cameras, self 
service kiosks back to control centres) and enable a more multifunctional front line field force. 
The workshop discussed the opportunity to use the wireless network to connect security and 
surveillance cameras to assist the police, and saw the benefit of having truly mobile cameras that could 
be moved to the required hotspot. Parking enforcement and traffic / crowd management were also 
considered as applications that could benefit from the network. 
Some application were discussed for health or fire services. Indeed, PDA and tablets are already used 
by the fire intelligence and fire safety officers who go round and assess premises for risk. In the next 
section, we will also discuss these possibilities for the private sector. Participants raised the question of 
whether front line staff in the public sector really need real time data connections. In our experience 
from many other sectors, the provision of real time data can generate major productivity gains, (e.g., 
utilisation rate of field service engineers, quality of call and reduction in needs for follow up calls). The 
critical nature of some intervention services means that guaranteed coverage and reliable level of 
service are crucial. An inhibitor to their take up is that there is limited opportunity to substitute for the 
contracts they already have with private organizations (Vodafone, etc.). 
What they saw as missing was a blueprint of what could be achieved and a set of agreed priorities for 
transforming services to exploit such a network. Participants expressed the need for a common 
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platform for public sector applications. Such a platform would allow the sharing of front line resources. 
Examples of applications include Westminster street ambassadors, i.e. one person able to span multiple 
departments. This requires co-ordination. Hence, we would recommend a more extensive internal 
consultation process across all public sectors. 
Addressing the Social and Digital Divide: Workshop participants reflected on the social issues that the 
Open Link had addressed and that a fixture wireless network could. This was formulated in terms of 
bridging social divides. Three types of divide were identified; geographic, economic and social. 
A WiFi network can only address some of them. The geographical divide discussed, was between the 
urban and the rural areas, where there are differences in access to broadband connection. This issue 
clearly depends on the coverage map of the network as was clearly stated in the surveys. However, 
such a divide could be addressed through fixed-line network based on the increase in coverage by 
telecom operators. Another alternative might be through the exploitation of WiMAX; however the 
population density is still today a major barrier to deployment in rural areas. The discussion on the 
financial divide related to the affordability of broadband connection to the Internet. Any wireless 
network does not directly addresses this, as it requires WiFi enabled devices and having a WiFi laptop 
as prerequisite meant that this was not a solution to the financial divide. In rural areas this might could 
be addressed by mobile libraries which provide free Internet connection. There was a strong sense that 
a free public network could be used in public service buildings such as hospitals, county hall, libraries, 
etc. Such free network could be used to provide important or educational messages to users who 
connect, through a compulsory front page before free browsing. 
The workshop also considered how these front line resources might be reconfigured so that they could 
act not only for one specific activity e.g. traffic management, parking enforcement, but act as the city 
or counties front line ambassadors undertaking multiple activities . The view of the workshop was that 
departments needed to undertake pilots of applications, and that there was a strong need for a common 
platform that provides basic access, security, retrieval and data capture so that it would be easier to test 
new services. The main challenges they saw however were that unless there was a long term 
commitment to such a network then it was not worth re-engineering organisations and processes to 
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exploit its capabilities. Secondly, that unless the network was ubiquitous with a high quality of service 
(QoS) then widespread deployment of new processes was impossible. They could not support different 
processes or technologies within the same workforce. 
Interviews 
Nine structured interviews were conducted with representative of organisations in Norfolk. Our 
interview schedule is presented in the appendices. The interviews were conducted over the phone and 
recorded with the permission of the interviewee. 
Public Sector Interviews 
The subsequent one on one interviews with public sector officials revealed a trend towards an 
increasingly mobile front line staff, and the requirement to use devices to upload content immediately 
back to the office. But in the absence of a ubiquitous network, this would be achieved by returning to 
the offices and uploading any content collected on PDAs and other mobile devices. The interviews 
confirmed the trend to addresses speed of information feedback and cost, but that coverage and cost 
effectiveness of such networks had to be established first. 
From a public service perspective, the potential applications discussed were: access to information 
about the city and relevant services, the state of car parks and available parking places, interactive 
maps for tourism. Also, if it was clear that people can get free access from public buildings, then the 
Open link could be an effective medium to pass messages to the general public. On the front page and 
before accessing the public internet, they could also display public information messages relating to 
health and safety or fire prevention for instance. 
Private Sector Interviews 
There is an increasing move towards a more mobile workforce in the firms we interviewed. Apart from 
classical applications such as emails, calendar or accessing office files via the company's VPN, new 
applications are being tried on a pilot basis. The growing number of electronic devices allow mobile 
staff to become multi-functional. The applications that were mentioned relate to capturing content on 
the spot and being able to upload to the office straight away. The advantage could be speed, but also 
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reducing the cost. However, the organisations interviewed stated the need for a clear strategy of what 
the coverage is. These applications are useless unless coverage is ubiquitous, and where these services 
are deployed they rely on mobile cellular networks today. 
Current Network Usage: The organisations already have access to many types of networks: Voice 
GSM, data 3G, CITRIX, satellite, backbone, use of VPN, dedicated private network, GPRS cards, 
ADSL broadband, cable, other WiFi hotspots, etc. It is very clear that they require an integrated 
approach. They did not want to burden their mobile staff many devices for many networks. Moreover, 
the PDA or Blackberry are widespread and do most of the job. Moreover, they do not want to interact 
with many suppliers for many networks. This implies that in the future any WiFi network provider 
should develop strong partnership with incumbent players to provide seamless roaming onto the 
infrastructure. An alternative could be to position the future Open Link as a back-up solution. The 
choice of the technology and the network depends on the guarantee of both coverage and level of 
service. 
Coverage: We reviewed the position on coverage and found that there wasi confusion about were there 
is coverage or not. The feedback was unambiguous, there is an absolute requirement for ubiquitous and 
contiguous coverage in the city of Norwich as a base line for the service. 
Security:A\\ organisation expressed a serious concern about security related to client data, sensitive 
information, protection from hacking, etc... Thus, they have implemented various network 
technologies such as VPN, CITRIX, firewalls, etc. Many of the organisations we have talked to do not 
even use WiFi in their offices for this reason. This would be a challenge for a WiFi network. 
Public vs. Private: The private sector interviewees were not advocates of public sector intervention. 
Many reasons were given such as it creates false competition, the public sector often backs the wrong 
horse, it subsidize some businesses, etc... There is strong sense that it is not the role of the public 
sector to roll out, but instead it could participate in shaping the future of the region through policy 
regulation, etc. 
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Funding Models: There was a favourable attitude towards sponsoring the future network. Once again, 
the concerns relate to coverage and a clear strategy. Interviewees could easily see the marketing 
benefits for their organisation, whether public or private, by promoting themselves on the service. For 
example an interesting sponsorship opportunity for ITV would be to offers a service that's free at the 
point of use and paid for by advertising - this might be a similar service that 's offered as an interactive 
communications medium. 
Summary of Survey Findings 
The online survey showed that are that there is little willingness of end users to pay for the service, and 
while around 2500 users log on each month, only around 10% of our sample indicated a strong 
likelihood of converting to a paying for the service. Even among those who access the Internet 
exclusively through the Open Link and use it almost continuously, only 20% state that they are most 
likely to pay for the service. 
The interviews and workshops identified the growing need of firms and public sector organisations in 
Norfolk for mobile internet access as the number of mobile or field based staff are growing. Several 
firm have undertaken trials or pilots of mobile applications with various devices over various networks, 
typically mobile cellular networks. However, they report that tliey are unlikely to rush to WiFi as a 
technology, and move from existing mobile service providers, despite the high cost of communications. 
Their need is for ubiquitous and seamless coverage, regardless of technology, and simplicity in vendor 
relationships. Should NCC identify a private firm to take over the Open Link service, it would need to 
develop partnership with other service providers to ensure seamless roaming over its infrastructure, 
extend the core network and address the strong concerns over privacy and security. 
From a public sector perspective, there is a need for a clear strategy about coverage. This would allow 
organisations to set their expectations and start experimenting with trial applications. Plenty of 
potential applications are envisaged, few are in place today, and a common platform across all public 
sector applications would facilitate this. 
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The initiative, as a pilot, is applauded by the general public, private firms and public organisations. 
However, the private sector does believe it is appropriate for the public sector to operate such a 
network on a full-scale and long term basis. 
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City of London 
At the end of April 2007 the City of London's WiFi service went live and over five thousand people 
registered for the service during the first thirty days. The Cloud invited Imperial College London to 
undertake a survey of these first users to understand how they use the service, the benefits they perceive, and 
their overall satisfaction. The survey took place from 11 to 16 May, Just under 3 weeks into the trial period. 
393 trial subscribers participated in the survey which was administered online. This was from a sample of 
1485 subscribers. 
Profile of respondents; 40% of the respondents described themselves as Managers or Senior 
Executives, 35% as Professionals or Consultants and 16% as technical specialist. Financial Services, 
Business Services and ICT were the primary sectors represented as shown in Figure 3.1 
ICT 
Financial Services 
Cons and Prof Servces 
Insurance 
Creatiw, Media and Design 
Students 
Healthcare 
Construction 
Academia 
Other 
9% 
Other 
Professional-
12% 
Tech 
Specialist 
16% 
CEO/MD/Gen 
Mgr 
10% 
0% 5% 10% 15% 20% 25% 
Professional/C 
onsultant 
23% 
Director VP 
14% 
Dept Head/Mgr 
16% 
Figure 3.1; Profile of Respondents in terms of industry and role 
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Frequency of Usage 
The overall number of respondents using the network on a daily basis or more, is 21%. This differs by 
sector as shown in the figure below with the ICT sector being the highest. The figure on the left shows 
the overall responses 
Figure 3.2: Frequency of Usage by Sector 
All Sectors 
I Daily 
: S e w a l times a day 
Almost continuously 
throughout the day 
W 1^ 2W 
How users connect and the tasks they perform 
The predominant device used to access the network is a lap top PC with 76.3% connecting this way 
some, most or all of the time, the next most used device with 22.5%, is a phone with a WiFi capability 
such as the Nokia N95, followed by the PDA with 18.3% and tablet PCs representing just under 4%. 
The most important tasks are email and diary infonnation, followed by searching on the web, getting 
travel and timetable info, instant messaging and Voice over IP. While current usage levels of TV, 
gaming and music applications are low, we would expect to see a shift in this over the coming months 
based on the profile of new devices that are rapidly being released into the market. 
Location 
The survey indicates that the most frequent location of users are public spaces followed by working 
from other people's offices and the atria of buildings. It suggests a work pattern which exploits time 
that might otherwise have been unproductive, a distributed work pattern and one that involves 
collaboration with others in neutral or alternate locations. It also highlights the importance of absolute 
timeliness of critical data in any location. For instance, the high utilisation of email is often associated 
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with ensuring last minute amendments to documents or presentations are available to support meeting, 
delivered as an email attachment. Users report receiving documents and working from the car, taxi or 
railway station just before meetings. 
Benefits of the Service 
One of the key findings is perceived productivity improvements. 64.8% of those responding indicate an 
improvement in productivity, and 51% indicate the quality of their work improved too. They also see a 
resulting enhancement in the quality of life with 65.7% indicating that this had improved. At the outset 
we were concerned about the impact on lifestyle from always being connected; would this be perceived 
negatively? However while 68.6% state they "always feel connected and on call", only 6.7% say this 
decreased their personal time to a great or very great extent. 
We asked users to translate those productivity gains into the number of additional hours of productive 
work they might gain each week and results are shown in figure 1. 62% of those responding estimate 
productivity gains of between one to two hours extra each week, up to five or more hours. 
No additional time 
20% 
Five or more hours 
5% 
Three or four / 
hours extra - I 
18% 
Less than an hour 
per week extra 
18% 
or two hours 
extra 
39% 
Figure 3.1: Perceived Productivity Gains 
The group reporting the highest productivity gains were Managers and Senior Executives with almost 
45% reporting gains of one or two hours per week and 8% reporting five hours or more gained. 
Basis for Perceived Productivity Gains 
The survey asks where these productivity gains are coming from. Respondents gave the following as 
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the key drivers: having "critical information at my fingertips", "the ability to work fi-om anywhere, 
anytime" including from clients, "making productive time that otherwise would be wasted" and being 
able to "spontaneously connect and capture ideas". We also see a substantial value coming from Voice 
over IP 
I 
Info at Fingertips 
I 
Work from anywhere j ' 
Use time otherwise wasted I • •r'^ _ 1 mSome 
m Great 
Work from clients I g Very Great 
Connect and Capture Ideas 
Use Voip for Free Calls 
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 
Figure 3.4: Main Productivity Drivers 
Impact on the City and Attitudes towards WiFi 
The survey asks users how users thought the service might influence the attractiveness of the City for 
skilled workers and firms, and having tried the service, their personal attitude to working in a city 
without this amenity. The feedback is clear: 81.5% believe a city with this service will attract more 
firms, 86.9%) said it would attract more skilled workers, and 63% agree that having tried it they would 
not want to work in a city without it. 82.9% agree to some, a great or a very great extent that a city 
without this service would be less attractive to work in. 
Overall Satisfaction with the service 
76% of users indicated the service is satisfactory, good or excellent. This varies by community. For 
instance daily or more frequent users indicate an 84.8% satisfaction. The ICT community reported 
84.1% while Financial Services Sector dipped to 71.3%. This lower level of satisfaction appears to be 
linked primarily to differences in the usage rate, the ICT sector has far higher frequency of connection 
and this shows a high coixelation with user satisfaction. 
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The overall satisfaction drivers are shown below and where coverage is good in the City, there is a 
strong correlation with user satisfaction. 
Range of Devices 
Application Access 
Speed 
Ease of Connecting 
Continuity of Connection 
Co\erage 
• Satisfactory 
mGood 
Excellent 
0% 10% 20% 30% 40% 50% 60% 70% 80% , 90% 
Figure 3.5 Satisfaction by Service Component 
The range of devices, access, speed and ease of connection are all highly rated, and even though it is 
very early days for the new service, performance is well perceived though clearly some aspects of 
coverage need to be fine tuned. Some of the issues of coverage may be related to users trying to 
connect from higher floors or from deep inside buildings where the WiFi network is unable to 
penetrate. Those users reporting issues of coverage were 50% more likely to be trying to connect to the 
internet from other people's offices, than the overall respondents. This gives some support to this 
explanation 
Converting to a paid subscription 
The survey asked the users who were participating 
in the free trial if they were likely to take out a 
subscription. The level of response was low 
considering the reported levels of satisfaction and 
the perceived benefits of the service. 
35% -1 
30% -
25% 
2 0 % ' 
15% -
10% -
5% -
0% I I I 
Likely 
• Very Likely 
Professionals All Mgrs and Daily Users 
Respondees Execs 
Almost half of the respondents said they were undecided and this varied by sector. 20.3 per cent stated 
they were likely or very likely to take out a subscription as shown in the adjacent figure. 
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Figure 3.6: Likelihood of taking out a subscription 
The analysis shows that higher levels of usage 
correlate with a greater willingness to continue with a fee paying service. This suggests that offering 
corporate contracts to get people familiar with using the service or a longer trial period may be helpful 
in increasing the conversion rate. The thirty day initial free trail may not be long enough to realise the 
benefits and justify converting to the service as a fee payer. When asked why they will not continue 
with the service, the main issue related to price and coverage. 29 percent consider it too expensive, 28 
per cent cited lack of coverage, and 16 percent speed and general performance. Only 4 percent cited 
lack of value. 
Commercial Model 
The preferred method of payment is a flat fee subscription with 27 per cent of respondents opting for 
this option but there is also a strong preference to integrate it with other services e.g. Broadband, 
mobile or VPN subscriptions with 21 per cent opting for this. 
For relatively infrequent users, they prefer to pay only for the time used - a pay as you go service. And 
this is supported by the relatively low numbers of daily or more frequent users. As usage grows 
however, the preferred payment models will evolve. There were extensive comments on payment with 
a significant number stating that it should be provided as a public service by the City of London, as part 
of business rate, or paid by advertising and other sponsorship or in combination. There were many 
comments on payment methods with almost a quarter of all respondents commenting. Most of the 
comments were proposing a free service. These are typical of the comments 
"Follow Singapore's model. Make it free for a basic service and pay extra for guaranteed bandwidth" 
"Off-peak rates: Evening, from say 6:00 pm/weekend pass (off peak) for those who live in the City 
but work elsewhere" 
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"Free - sorry I know this is predictable, but realistically, I can go to a coffee shop, use GPRS on my 
mobile, or just wait. I would not consider the advantages to be worth going to the hassle of paying 
for" 
"Incorporate with the Business Rate and make the service free for users" 
"Free using sponsorship. Talk to Ryanair" 
Summary of online survey findings 
The initial findings indicate that users of the service have a high level of satisfaction, and a higher 
frequency of usage correlates with increasing satisfaction. Based on the nature of the usage and the 
benefits reported, we would expect satisfaction to grow and this to be a self reinforcing cycle. However 
the initial take up of the service in terms of usage, and also the willingness to convert to a subscription 
is low. Adoption of the services is likely to require an extended free trial period or negotiating 
corporate contracts to give users free access until the service becomes broadly adopted. The perceived 
productivity gains both in terms of scale and in terms of the number and scope of users reporting them 
are very positive. And the basis of these gains in terms of making productive otherwise wasted time, 
having critical information available at anytime, being able to capture ideas spontaneously, support the 
view that these perceived gains may be realised in practice. 
The survey also provides credence to the to the view that a city without this capability will be 
disadvantaged, not only in general terms of attracting firms and skills, but also in personal terms for 
the individuals who have tried the service. 
Take up of the service af ter six months 
In August 2007 we reviewed the subscriber numbers and revenue with the Cloud Networks. As had 
been predicted, the number of subscribers who continued after the initial trial period was low, around 
10 to 15% of those initially in the trial. There are 138 nodes across the City of London and the average 
revenue per node was at that time around 40 Euros per month, much lower than a similar service they 
offered in central Amsterdam. The number of subscribers was initially disappointing and the Managing 
Director of the Cloud commented that this was due to a lack of sustained end user marketing. 
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Appendix C 
1. Example of Coding from Norfolk County Council Project 
Group; From Online Survey Results with Existing Users - Comments 
Coverage 
t'erformanc^ 
Bridge divide / affordability 
iQreat servicel 
Norfolk's image 
I would certainly like to see the Open Link network continue in some form. It has proven to be invaluable 
on those occasions when my normal ISP has been down and at other times when I have needed to use 
email/internet on my laptop when I am not at home/workj. I would be willing, to pegil some form of 
connection charge for those times that I need to access. A "pay as you go" rather than a flat monthly fee 
would be the most appropriate for my type of usage. Overall | have been figeatly impressed by the ease of 
ise and stability of the service] 
lis service should be fred for all who cannot afford internet access. It has jbeen invaluable for me as an 
unemployed person seeking employment and information. Although presently slow there was no other 
way I could afford net access. 
5 
Extending the coverage so that we get a solid connection up at the Norfolk and Norwich University 
Hospital would be good. The connection up here can be Exceedingly dodgy with Blenly of disconnectej in 
service 
The network ghould be free to access or be offered as part of another service and therefore be perceived 
as being free. 
7 if continued gpeed for standard users should be made to 512, and more aeirals needed as coverage in 
some areas of the centre of norwich is weak. 
WOULD BE DETRIMENTAL TO THOSE WHO USE IT TO LOSE SUCH K FORWARD THINKIN(j 
feRVICE. 
9 It has been a b'eat servic^ although i don't feel i would use it if i had to pay for it. 
11 hope the time can be extended instead of 1 hour to 2 hours. Thanks 
15 given that I work in Norwich during the week and and reside in a BnB, then are back home on the 
weekends, fee current level of servic^ is exactly what I need. I also allows me to use a vpn to connect to 
my computers at home where I have a broadband connection. 
16 
19 
good all round without this the quality of my work at college would have not been anywhere near what it 
is now so it's been a really help 
I'm very happy with the service. Its t'evolutionaiy, and good to see the UK are pioneering something f H 
bnct|. It should jbe integrated into the Council Taxi, since its just another public service - I'd be happy to 
pay additional council tax for this. If not, I'd begrudgingly pay monthly if the cost became competitive. 
Fantastic service, thanks!| 
[ftie speed for download it's enough for research purposes if you could maintain the same average during 
all day. The coverage is my zone it's poor and compromises all the service. But the initiative is good I 
thing everybody should have net access for free. One day it will be so. So don't delay, update. Best 
regards, Joao Lobo Matos 
20 I Would be willing to paV for it providing that Bie level of servicfll, connect ability, reliability and speed 
were all improved. It is a really good idea and does help a lot but it can be very unreliable and slow at 
times. 
a 
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This service has opened many new doors for me, I can't go out very much and being on benefits I don't 
think I would be able to afford this service. 
22 Its a Ereat servicd, which I know many benefit from being able to use at Easton College, and if it were to 
go, it would hinder the work and lives of alot of people! 
23 we already apply the virgin broadband, but the speed is not so good, so sometimes we will choose use 
open linki if the open link's price is lowe^ than other companies in the future, we willing to pay it 
25 Please keep it as it isi It's fregj and Ittiat's grea t The Norfolk County Council must have the funds to keep 
this running. It seems we never get anything free anymore 
26 I wish this service |was faster and the signal stable!. 
28 Coverage and j^ inect ivi ty is very pooij even in city limits. 
29 Ishould be a free network with open access and publicly funded 
30 I hope the network will continue as it is an important tool for me running my business and allows me to 
buy stock without having to travel as much, which is good for me and the environment too! I would also 
be prepared to pay for the service but suggest it has to be priced c h e # e ^ than regular Broadband to tempt 
me away from signing up to BT or similar. Good luck in March! 
3 1 bverall has been a huge bonus to m d as i have had limited finances but still need internet access from 
home, at times i have had limited or no connectivity and the charges to the helpline are high at 60p a min. 
i really hope this service continues however, as i believe everybody should have free access without 
being limited to going to the library etc. thankyou, i hope it continues. 
32 Charge Business for using it - allow students to apply to use it for no charge 
33 This has been a wonderful service! and I have enjoyed the benefits and learned a lot by domg so. It is also 
a fantastic benefit to our village hall of which I am a trustee. Sometimes the connections have failed but 
in general it jbas been a very good servic^. THANK YOU 
36 dont make us pay... 
39 Norfolk open link is a great success], i have seen irticles on national news programmes about it and ii 
h a r k s out norfolk as not being as "backward" when it comes to technology as the rest of the countrvf 
jthink we ai'd! However if it is to be relaunched as a subscription service jthe download speed must be! 
improve^, unless charges will be nominal, to compete with the other providers. 
4 1 long may it continue! 
43 enjoy the network, please keep it runing 
45 Very impressed with i t Will use if it's there, far more inclined to come into Norwich knowing it's 
available. 
46 I would only be prepared to pay for the Service if the connection was guaranteed), it does at present 
depend on weather conditions. Also the speed would need to be higher. If one had to pay on the present 
quality I would then consider a monthly package with BT or SKY. 
47 (1)1 would use the service muh, much more if it covered a wider geographic area in future. (2) I believe 
it Should be paid for out of public fundil as part of library services, so that anyone can have internet access 
without worrying about the cost. 
48 More WiFi points need to be put spread across the area, possibly more bandwidth allocate^. 
49 This is iust brilliant having kccess from my hotel. I was expecting to connect via a service the hotel 
provides but that's only available in the bar. 
51 I like it a lot however |the disconnections and mass of users makes it unusable at times. Also when our 
nearest router was out of service there was little way of contact and it took a month to fix. 
53 its Ian excellent servic^ and should be kept running in the same way as it is now as it offers so much to so 
many different people 
54 I am one of the users in South Norfolk who joined the service following the collapse of Redmoon 
Broadband. I think it's excellent servicfj and 1 love the wireless technology that brings Broadband to 
my home without relying on a phone line. I would be very very sad to see the service dismantled at the 
end of the trial period and would be biore than happy to pay for the service. I just hope others share my 
view so that we can keep this fantastic service; open. 
55 1 find using Open Link very easy. As I am disabled I find it awkward to get to Internet Cafes or the 
Library to use the service there. Being able to use my laptop to use the internet is l^ntasti^ as it means I 
can access the web wherever I am. I do find that sometimes the Service cuts ou^ but it is nonnally restored 
very quickly. If Open Link was to stop the public access across Norfolk it would mean that keeping in 
touch with friends and workmates would be a lot harder. Keep Open Link running and free as it is a 
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fantastic servied and I would be lost without it. 
A fereat initiative!, which I hope can be continued past March 2008 
no i dont 
65 I hope you continue to provide the service free of charge, [k'our service should only be multiplied ancj 
boDied by other cities and towns. Congratulation^. 
66 When it is available, it works wonderfully. 
68 Would like it to continue. |A. very good Servic^. 
69 It should be rolled out across the whole of urban Norfolk. 
70 I know that you connect devices using a "walled garden" so that your terms and conditions are accepted, 
but some devices like the Nintendo DS and the Netgear Skype phone SPH-111 don't have browsers (the 
DS does have an additional browser as a separate "game", but you cannot play against the world with 
OpenLink). Is there anyway for certain MAC addresses be registered on the server to bypass the 
authentication? 
11 I think this is ja fantastic public resource!. I also think that it should be a free at the point of delivery 
service. 
72 keep up good work maybe buy vouchers 
74 Please please please keep this service going. Thank you for the service so far. 
76 I think NOL WiFi Network |s a terrific concept made even more wonderful by the fact that it is free to 
access. free servic^ such as this levels the learning/providing playing field & can surely only serve to 
benefit the whole Norwich/Norfolk Community - at any age/socio-economic level. But. . . this is only true 
if the NOLWn is well advertised & effectively promoted(I simply stumbled upon it - will others?) I really 
do hope that the NOLWn has a bright & ever-expanding future with even more areas encompassed by the 
service: it deserves to succeed & I will certainly do all I can to promote this exciting enterprise. 
77 keep it going just how it is its not broken so dont fix it 
78 I feel it would be greatly missed by its regular users. However any fees really ought to be shared by all 
jasers with no "free rides". Quite how this could be policed I do not know however. 
79 not at the moment, but feel free to contact me 
80 If I was to pay I like it so that it didn't kick me off every hour and to have some little clue that was what 
was going on, Plus it was bit faste^. 
82 Overall this is an excellent service! had visitors have frequently commented favourably on i1. It would be 
a great shame if Norwich was to lose this service which is currently placing it at the forefront of Dablicj 
liccess development in this counte)^. 
84 It is 'ft marvellous service! which should be used as a model to be rolled out across the country of free 
internet access 
85 
86 
It's a ^ e a t initiative', and I hope it is continued and extended. 
It would be a great shame if this excellent service were to discontinue in March 08.1 think it has been 0 
^ e a t boon to the city so fa#. If it could only continue by charging the users I think the coverage area and 
jthe speed would have to be increased so that it would a real alternative to private connections. 
I really hope Norfolk OpenLink continues beyond March. Regardless of whether it does or not, gou 'vj 
iione a fantastic job and I'm proud to have been a usei All the best for the future! :D 
90 its good to bring internet to all classes and masses, its great. Cheers 
91 This is Dne of the best ideas for cilV centre working and livinjj. St should be a major selling point for an\i 
kew city residents. It system is no where near being publicised enough -how many city estate agents use 
this fact to sell houses in the area? No information in major public areas - bus station, rail station (which 
has a very expensive BT open plan network) or the shopping malls. 
93 iHas not been as effective as first promoted 
94 Currently microwave linking seems too unreliable; to give a good wifi service. 
95 Extend the service to more areas. 
98 allows pensioners to contact relatives by e/mail and keep in contact with other things going on 
100 keep it live. 
101 It is k very good systeml and Should be made free to those who can get access. Our Computer club uses 
the system and without it some of our members could not get onto the web because they cannot afford to 
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pay subscriptions. 
102 I think this is |a very good project and do make use of it when out and about in the city, for personal use 
much more than work use. If it was turned off tomorrow, or became a pay service, I would most likely 
stop using it as I now mainly use it on my iPhone, which has a relatively fast EDGE connection as an 
alternative, which is more than sufficient for sending/receiving emails and surfing the web. I would also 
like to see the whole of the city centre covered if I were ever ^o pay for the servic j , along with | 
Significant speed improvement as the coverage is a bit flakey in places and although the speed is OK for 
surfing, I wouldn't want to try downloading any big files. 
103 I think it is |a good scheme in principle although I have found it difficult to connect at timed and also 
although the aerial is only 100 metres from my office, the signal is very poor. 
104 It's good that it is open and free - could advertising be used to keep it that way? 
105 Many other cafe's and public spaces in Norwich already have WiFi available for pay, its great to have a 
service that is |free for those times when you just need to quickly get onlin0. 
106 Please keep it going, but please change the home page more often! 
107 Kt is excellent, as ^ frequent visitor but non-residenti 
108 When the signal is strong enough for it to work it is great. All internet should be free anyway. jCtfy counclj 
jtax is alreMy very high and should cover the cost Perhaps NCC could waste less money on more futile 
projects to cover the cost of continuing it. The receiver is less than 25 metres from my house and whilst 
the signal is often too low to connect, I have some health concerns as everyone in my house suffers from 
severe headaches on a regular basis since openlink was implemented and we wonder if there is a link as 
suggested in the recent Panorama program. 
109 Great service & much appreciated 
110 In my experience Norfolk Openlink is perfectly described by the expression " a parson's egg ". good i j 
parts - inedible (unusable ) because of the bad parts. In my location, after a brief settling in period, 
Openlink performed well both on my desktop and laptop, demonstrating that it could work. But since 
then there have been long periods of intermittent or no connection - limited or no connectivity. If 
connection can be achieved the log on sequence was frequently erratic and unreliable. I am also aware of 
gaps in the coverage around this area. Because of this experience I have abandoned Openlink and now 
subscribe to my own service, which has made it a little difficult to answer some of the survey questions. 
My conclusion is that Openlink is not worth pursuing. I know of no major organisation that makes use of 
it nor have I come across any group or individual that has found it useful. Councillors do not seem to be 
enthusiastic to respond to queries and I have noted some adverse comment in the press. I would not like 
to think that in future I would be having to pay for this service either directly or indirectly through local 
taxation. If Openlink is being useful to groups or individuals, then I hope that that the project managers 
will take the opportunity to prove it, by boasting about its success in the local press. I'm sure the Evening 
News would welcome an article. Otherwise - kill it. 
I l l I think the ffiged should m ^ b e be increased! to 512kbps or higher and I think it would also be good if the 
coverage was extended. 
113 It is brilliant jis a frequent visitor to Norwich on busines^j 
114 t'll be lost without ij 
116 The facility provided in our Village Hall, which pays for its electricity only, has been beneficial in 
enabling the Bawburgh Bridge Club to become the most modem IT connected club in the country - they 
love the wi-fi because they can download their scores immediately without having to wait to go home. 
We would encourage its continuation as a community service, and it helps to promote the use of the 
Village Hall to a wider community. The service and installation provided has been excellent from day 
one. 
117 Definitely like to see it continue, with three of us in our house it means two of us can surf the net at the 
same time rather than waiting for the desktop pc to become available 
118 I am on a low income and so if I could access this at my home in NR2 I would be really pleased as I 
spend £ 15 a month on Broadband at the moment. I do^ however^ have concerns about the safety of 
wireless broadband in terms of public healthl I would also be upset if my council tax was spent on 
providing free broadband which I was unable to usej because of my geographical location. 1 also think 
thatlbusiness should pay for their connection and should not be subsidised by the public purse. 
119 no 
120 
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When the project was proposed expectations of coverage in Hethersett was high, particularly for 
121 
123 
community buildings. In reality very little of the proposed coverage was achieved. 
I think this service is extremely good for those people who do not have landlines and therefore cannot get 
access to the internet. It has enabled me to access resources for my job without having to spend all 
evening at my workplace. I have found this service invaluable as I cannot afford to pay for internet access 
in my flat. 
PLEASE KEEP IT AT EASTON COLLEGE! 
124 Please just Imake it more reliable and more accessible. 
127 good idea, needs a little tinkering and more access for people to connect to. if we want to improve the 
quality of life for local communities we need more projects, free to user, like this. 
130 NO 
131 Some difficulty in connection. When working well it is very effective 
133 
134 
Norfolk Open Link is used by our village computer club to run a not-for -profit internet cafe. We run this 
voluntarily and have already found that it has introduced many villagers to the advantages of the internet 
and enthusiasm is steadily growing in our rurally isolated and under facilitated community. Such has 
been its success that we are very keen to see the Norfolk Link service continue. After such a short period 
(under one year) we think that it would be public moneys well invested to keep this project ongoing as 
among much else a useful (and green) community resource. 
coverage only in certain areas of Norwich, even in the centre of Norwich there are dead spot( no 
coverage) 
136 I would be happy to pay for a wireless connection however I jgould expect a more reliable servic^ and to 
have unlimited session time. 
137 am new to using this and think |t is exceliei^ - |o nice to see Norfolk at the forefront of a technological 
Innovation 
138 The open link service is such ^ great ide"i! Keep it going as long as possible! Thanks 
139 I would like it to continue since I use it. But, we are thinking about getting broadband in which case I'd 
stop using it altogether, I think I would be happy if the service was iRmded from taxe^ so that others who 
are not able to afford broadband could still have access to the internet...but sometimes we get no 
connection. If people were relying on it, this would not be good enough. If we get no signal, then I can 
still get on the internet using dial-up. I know others who would like to see the Norfolk Open Link 
extended to other parts of Norwich. 
141 The network is used by old people at our drop in and would no be possible if had to pay 
142 I think its |asu^erbjgrqiecj, i only found out about it in the last few months but have been very pleased 
and satisfied with the service and wish for it to grow and become a faster service in the future. 
143 [The Service is superbj, it Should be financed from Public Funds, as I am sure that when those conducting 
their business that are aware of costs implications when communicating will be more willing to plaatj 
jieir business where they feel the locality is sumwrtinfl their ventures to the region. 
144 Should be free to use as now. Coverage should increase. 
145 I feel that |a free to use basic service in public areas is a great social a s ^ . Although I use it rarely, the 
times when I do use it are for things that are very important at that time - adding a payment layer or 
mechanism would remove that convenience. [Additionally I do not consider the service a replacement foi| 
^ paid service. 
147 It's fantastic plar^. I love Norfolk open link. The feeling of accessing internet wherever I am is really 
wonderfiil. I think I can accept some charge, but not too much.:-) 
148 fchis is a wonderful thing the city of Norwich of fe i j and a great help to students and others who have 
restricted incomes. 
149 Needs to be extended into rural Norfolk^ especially to market and other towns around the county. 
Extending in this way bould improves rural competitivenesd, demonstrate that rural Norfolk is as 
accessible as anywhere else, if not better than some urban areas, and feise the profile oFNorfelk a s ^ 
iKitrepreneurial arid business friendly couii^. 
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2. Example of Semi Structured Questionnaire 
What is your role at (Name of Firm)? 
Are you aware of the service, and if so how did you become aware of it? 
Do you use the service personally, and if so what for? 
Do your colleagues and associates use the service and if so what for? 
In what way does it help you in your professional role? 
What benefits does it bring to your colleagues, associates and your firm? 
How would you assess the quality of the service in terms of performance, coverage, applications etc? 
What kind of services would you expect to find on such a network, and how would these benefit you, your 
colleagues or the community? 
Were you involved in any way in the decision or plans to develop the Norfolk Open link service? 
Does your firm, or has your firm considered any mobile data services, e.g, 3G, Voda, Orange, etc? 
If so would or could this substitute for it, and what are the issues involved? 
Attitudes to a public service versus a private operator - what are your views on the role of the public sector? 
What forms of subscription services would be most appropriate? Corporate subscriptions, individuals, 
public service? 
Is this the kind of service that would be attractive to sponsors so they could promote their services to the 
public, or reach the public? 
How would you assess your (Name of Firm) attitude towards sponsorship? 
Who makes such a decision at (Name of Firm) and how is that decision made? 
Other Points 
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3. Example of interview 
Jack Hook 
What is your role at (Name of Firm)? 
Works for March: Reinsurance company - handles the reinsurance for Powerstations, Fleets of aeroplanes etc. Jack handles relationships 
with other insurers and the settlement of claims between the insurance companies 
Are you aware of the service, and if so how did you become aware of it? 
Saw it in the newspaper and heard that he could get access from the street or from council buildings such as the Library 
Do you use the service personally, and if so what for? 
Uses the service 3 or 4 times a week as does not have internet at home, nor a fixed phone line uses mobile phone. Lives in the middle of 
the city so is more active with the service than other friends who live outside of the city. Finds it very handy to use from the Library as he 
cannot surf the internet at the office, or use sites like YouTube or Facebook. 
Do your colleagues and associates use the service and if so what for? 
Usedfor basic connectivity to the internet in place of broadband connection. 
In what way does it help you in your professional role? 
Not used in a professional role - as no needfor internet access outside of the building and does not workfrom home 
What benefits does it bring to your colleagues, associates and your firm? 
Not applicable 
How would you assess the quality of the service in terms of performance, coverage, applications etc? 
Overall offers a good service, but quality deteriorates if there a lot ofpeople on it. Jack knew that the service was not using the higher speed 
available as it a free service and was not meant to compete with other commercially available broadband services. 
What kind of services would you expect to find on such a network, and how would these benefit you, your collagues or the community? 
Maybe a portal with one place to go to for useful information such as what's on in Norfolk/Norwich/ very local events, travel timetable for 
public transport or important local news. This would be better than the current holding page you get when you sign on. 
Were you involved in any way in the decision or plans to develop the Norfolk Open link service? 
No 
Does your firm, or has your firm considered any mobile data services, e.g, 30 , Voda, Orange, etc? 
People in March's offices in London get more tools (laptops. Blackberry, etc.) because they are outbound and visiting with clients but 
locally these communications services are not required 
If so would or could this substitute for it, and what are the issues involved? 
Not Applicable 
Attitudes to a public service versus a private operator - what are your views on the role of the public sector? 
Good to have the service available free, but would pay a modest amount for it, if was offered through a private sector firm. It would also 
need to have more coverage and stronger signal (i.e. to reach into homes) and bigger bandwidth. 
What forms of subscription services would be most ^propriate? Corporate subscriptions, individuals, public service? 
It could also be useful for small firms who need to offer their employees something extra or whose use of the internet is not heavy, and NOL 
could be their main internet connection 
Is this the kind of service that would be attractive to sponsors so they could promote their services tothe public, or reach the public? 
Might be, but probably a London decision, not qualified to answer this one but his boss, Steven Davidson might be able to 
How would you assess your (Name of Firm) attitude towards sponsorship? 
Not qualified to answer on this one either. 
But he infers that the service would need to be "very visible " 
Who makes such a decision at (Name of Firm) and how is that decision made? 
Steve Davidson locally 
Other comments 
A really useful service for someone who does not hcrve access at home or work to the internet Also valuable for someone who needs access 
all of the time - but he is in the former category. 
Should be extended to other places rather than just the very centre of Norwich and a few other places. (Was not aware of the map, showing 
the coverage, on the NOL Website). 
If it were to be suspended he d be quite annoyed as would need to connect up his home 
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Appendix D 
The purpose of this quantitative analysis is to help to fill a gap in the literature on how usage levels of 
broadband affect the most common indicators of a city's social and economic vitality. This form of 
analysis is available at the level of the nation and the region, but not at the level of the city or district. 
The challenge of undertaking an analysis of city-level broadband usage and the effect on socio-
economic indicators is the lack of consistent data on all the variables on an international basis. I have 
therefore made an analysis of US cities where the Metropolitan Standard Areas (MSA) level is used by 
various agencies on a consistent basis, and there are data on broadband usage from the Current 
Population Survey (CPS) based on zip codes and MSA. 
This analysis is not meant to be an exhaustive examination of the socio-economic impact of broadband 
usage but was undertaken to explore whether there is a consistent and positive relationship between 
usage and these indicators, the scale of the relationship and whether there are large differences between 
cities. We will see, the evidence is not compelling and the variations among cities and outcomes are so 
large that other framework factors will require investigation, and this is accomplished through the case 
studies described in Chapter 4. 
D.l Introduction 
The relationship between availability and exploitation of an advanced data communications 
infrastructure, and economic and social development has been researched at the macro level, in studies 
of countries and regions (Chen et al, 2004), and at the micro level in studies of individual firms or 
schools (Wired Communities, 2004). In the last case, the research is aimed at investigating the impact 
on educational performance. This research extends also to analysis of the role of technology on a 
company's innovative capacity (Dodgson et al, 2005) and is used as an explanatory variable in the 
innovation indexes of nations (OECD, 2006). 
At the levels of the city and the city region, the study of the Polycentric Metropolis by Hall and Pain 
(2006) determined that an advanced telecommunications infrastructure was the most important factor 
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in determining the attractiveness of a location for international firms seeking to set up new operations 
or relocate existing ones. It follows that cities that can attract and retain firms, especially international 
firms, and thereby derive additional inward investment to their regions, are more likely to experience 
economic growth. This is reflected by studies (European Cities Monitor, 2006) on the importance of a 
telecommunications infrastructure to different industry sectors and its impact on the attractiveness of 
cities when combined with attributes such as the availability of skills, low staff costs, good 
transportation and access, and proximity to local markets: telecommunications is ranked as the third 
most important attribute. 
In a globally competitive environment, cities are enhancing their infrastructures and amenities to attract 
firms and improve their social capital by developing and attracting the highly mobile "creative classes" 
(Florida, 2002). They are developing social capital through ICT enabled education programmes, a 
major plank of which is the deployment and promotion of broadband networks. City and community 
initiatives include the provision of wireless networks to provide pervasive connectivity and support the 
delivery of community services. 
During the course of this study I observed around 150 global large scale deployments of fixed and 
wireless community broadband projects either in place or underway. Cities are reporting significant 
productivity gains, but there is little independent analysis of the direct impact of broadband use at the 
city or district level. The level of investment made by cities either directly, or in partnership with 
incumbent operators such as BT, Verizon, or France Telecom, or with firms such as Earthlink or the 
Cloud, varies between a few hundred thousand dollars to $23 million in the case of Corpus Christi, 
Texas, one of the case studies in Chapter 5. There is a high degree of inconsistency in the levels of 
investment made by communities, the technology models pursued, the business and partnering models 
exploited, and their priorities and motivations. What is consistent, however, is a belief that these 
investments in ICT infrastructure and resulting enhanced communications will bring economic and 
social benefits to the community. 
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The purpose of this chapter is to understand whether there is a consistent and positive relationship 
between growth in broadband usage, the nature of that usage, and a number of key social and economic 
indicators, at the level of the city or metropolitan district. 
The most relevant analysis that focuses on the impact of broadband at city level is by Lehr, Osario and 
Gillett (2006), and uses US Federal Communications Commission (FCC) data on broadband 
availability by zip code, for 2000, and looks at the relationship with economic indicators such as per 
capita gross domestic product (GDP), employment, house prices, new firm start up, growth of 
employment in the knowledge economy. Their study analyses the performance of these indicators and 
relates them to the availability of broadband by zip code, using as a proxy for usage the number of lines 
in use across the state. However, they do not study actual usage at the zip code, or zip code cluster 
levels that make up a community or MSA. 
The aim of this quantitative research is to analyse the relationship of the key socio-economic indicators 
with reported levels of broadband usage within a city or MSA. 
D.2 Study design 
I. Theoretical basis for the economic impact of broadband connectivity and 
usage 
Broadband connectivity to the public internet and to private networks is an enabling component in the 
delivery of much larger technological systems, whose usage can be transformed by higher speed 
communication, ubiquitous availability and lower access costs. Any investigation of its irnpact on the 
social and economic indicators should be in the context of these large technological systems and the 
information services they provide. I constructed the following hypotheses about how the availability of 
and growth in usage of broadband might contribute to indicators of social and economic vitality. 
Impact on the number of users and usage levels: Broadband increases the level of individual internet 
usage, as a result of improved user experience driven by the speed of the connection and the 
availability of applications that are dependent on higher speeds, and which are likely to increase both 
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the overall number of users and their individual usage. As networks grow in size and email becomes 
more pervasive for private use, we can see a network or Metcalfe effect, where the value of the 
network grows with the square of its size, and more users are attracted to the network as it becomes a 
more important resource for maintaining communication with the members of their social networks. 
The availability of broadband has been cited by business as the third (ECM, 2006) and first (Hall and 
Pain, 2006) most important city attribute for attracting firms; thus, it can be assumed that the greater 
the number of firms, the higher the level of usage in the workplace. 
Impact on skills'. Evidence from the UK Department for Education's Connecting Communities to the 
Internet: Evaluation of the Wired Up Communities Programme (Devins et al., 2003) based on a series 
of case studies, shows the impact on educational achievement from the deployment of ICT in schools 
and extends this into homes. This is one of several studies that point to a relationship between 
improved social capital and the availability and use of IT. Glaeser (1999), shows that there is a positive 
impact on skills in an analysis of the rise of the skilled city. In this analysis, Glaeser concludes that a 
city's capacity for reinvention determines how it will sustain its development through successive waves 
of technological advance, and that this capacity for reinvention of both its industries and the city in the 
face say of a natural disaster, is directly related to the skills in the city. 
Attracting Firms and Business Growth: The availability of broadband is viewed as an essential and 
differentiating amenity for firms determining a location. ICT has been shown to raise productivity 
within the firm (Brynjolfsson, 1993; Henderson, 1995), but the availability of cost effective high speed 
broadband is also a vital amenity for small and medium sized enterprises (SMEs), which have a large 
presence in most cities and are often the largest sources of employment and economic growth. 
Broadband provides small firms with access to markets and crucial sources of data, and with shared IT 
services and support that they may not have the capacity to provide for themselves. It means that more 
firms are likely to be attracted and retained by a city, and helps to support a flourishing SME sector. 
Raising Business Productivity: Both SMEs and large firms depend on backward and forward linkages 
to suppliers and markets (Glaeser, 2005, Henderson, 1995, Fujita et al, 1999), which can lead to lock in 
effects for an established city and cast a shadow around the city where it is difficult for new 
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communities to develop or for existing firms and individuals to relocate. High speed broadband 
connectivity is an important enabler of those linkages and the eco-systems of local industry clusters 
that form as a result. Drucker 's (1991) article in Harvard Business Review on the 'New Productivity 
Challenge' describes the gains that businesses can realise from the deployment of ICT and emphasises 
four key drivers for the productivity of knowledge workers: clarity in defining the task; concentrating 
work on that task; defining performance metrics; and forming partnerships with people who need to 
become more productive. The availability of broadband networks facilitates the integration of 
information systems within dispersed businesses, including the provision of systems and productivity 
tools to remote and smaller offices, while lowering the cost of their provision for smaller businesses. 
The impact on field forces is evidenced by the availability of mobile and wireless broadband that adds 
to the productivity of remote sales and support personnel and other field workers in the public and 
private sectors. Bell (1973), Baruch (2001), Sassen (2005) and Harrison (2004) discuss 
flexible/distributed working including tele-working since the mid seventies. In the US, for instance, 
according to the International Telework Association and Counci l ' s survey (ITAC, 2001), nearly 29 
million people participate in some form of telecommuting; this is expected to increase to 40 million by 
2010. With firms estimated to be spending $240 billion on real estate in the US in 2000 and firms such 
as IBM and ATT reporting savings of 25% to 67% on office space as early as 1995 through provision 
for flexible working, (Davenport et al., 1998), there are clearly tangible cost benefits for firms and 
public sector organisations from broadband usage which also results in employee perceived 
productivity gains. 
Impact on Public Services Productivity: The UK Government made £675 million available to local 
authorities for 2001 to 2006, for the enablement of e-services by local authorities. The initiative was 
aimed at improving the efficiency of service deliveiy and providing new channels for the provision of 
these services to citizens over the internet. A UK Government report on service usage shows that 
almost half the UK' s population are regular users of government internet sites (SOCITM Report, 
2006). Cities and London boroughs, such as Corpus Christi in Texas and Westminster City Council in 
the UK, report productivity gains from the transformation of their services, especially those delivered 
over wireless networks, which (see case studies) are reported as having a transformational effect on the 
productivity of their field work forces. Applications extend from parking enforcement, traffic and fleet 
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management, to health and hygiene code inspections, emergency services and telecare. These 
initiatives improve quality of life for citizens and the effectiveness and productivity of services. 
Increasing Employment and Creating a Dynamic Housing Market: Florida (2002) exemplifies the 
importance of cities offering amenities, programmes and services that attract the "creative classes". 
This community is drawn from the ranks of knowledge workers, high tech professionals in knowledge 
intensive industries such as software and microelectronics, and creative workers in media, design and 
the arts. High speed broadband, pervasive wireless networks and the availability of business, public 
sector and entertainment services are important amenities for this community. Firms will chose to 
locate in cities with high levels of social capital and where knowledge workers with the skills needed 
for innovation and advanced service delivery are available. This community, according to data on 
Florida, has high disposable income, a willingness to spend this on social and cultural amenities and to 
play an important role in the transformation of central business districts and the regeneration of 
formally rundown but often historic city areas. This increases property prices in commercial and 
residential markets due to increased demand from firms and individuals seeking to relocate and raises 
the overall quality of the housing and office stock. 
Summary of factors that have a positive impact on productivity 
The new technologies impact on social and economic indicators in several ways. Productivity and skills 
increase and firms are attracted to cities with pools of knowledge workers, and this in turn increases 
employment opportunities. Firms, as well as the city in aggregate, should be better able to survive 
downturns or disruptions due to their higher skill base, which should ensure greater continuity of the 
economy. The higher level of public services is not only an attractor, it also means that the costs of 
doing business in a city, and the diseconomies associated with growth are mitigated, and the increased 
employment opportunities and nature of the firms attracted to a city means increased incomes and more 
dynamic property markets. 
Broadband is an enabling technology and is a component in a much larger technological system. It is 
the principal explanatory variable used in my analysis of changes in employment, incomes, educational 
attainment, and property prices. These dependent variables provide a measure of how the skills base. 
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individual wealth, and the local economic output are growing and their relationship to take up and 
usage of broadband. 
II. Methods 
Unit of Analysis: Urban community at level of city/city district or MSA 
Proposition: There is a positive relationship between growth in broadband usage, the nature of that 
usage, and a number of key social and economic indicators, including educational achievement, 
employment, house prices and per capita income growth. 
Data Sources: This analysis is based on data from the US, where comprehensive and consistent data 
are available from the Bureau of Labor, American Community Survey, Current Population Survey, 
Office of the Federal Housing Enterprise Oversight, Bureau of Economic Analysis, and Institute of 
Education Science. All these sources provide data at the level of MSA and in some cases zip codes. 
The data files are available in electronic form as .xml and .dta (stata format). The Current Population 
Survey, March 2004 Supplement provides important new data in a special supplement commissioned 
by the FCC to report broadband usage levels in 57,000 households in the US at the level of MSA. 
I constructed a cross panel database that incorporates the data from the CPS on broadband usage by 
MSA and data on house prices, education, employment, population and income by MSA from: 
Internet Usage: US Census - Current Population Survey March 2004 Supplement 
www.ciesin.org/datasets/cDs/cps-home.htmi 
House Prices: Office of the Federal Housing Enterprise Oversight 
http://www.ofheo.gov/HPI.asp 
Education: Institute of Education Sciences - National Center for Education Statitistics and American 
Community Survey (US Government Census) 
http://nces.ed.gov/ccd/bat/ 
http://factfmder.census.gov/servlet/CTTable? lang=en& ts= 16633 0470002 
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Employment: Bureau of Labour Statistics - Accessed through State of our Cities Data System 
(SOCDS) 
http://socds.huduser.org/Bls laus/BLS LAUS Home.htm 
Population: US Census - Population Estimates 
httD://www.census.gov/DODulation/www/estimates/metropoD/tableQl.xls 
Per Capita Income: Bureau of Economic Analysis 
httD://www.bea.gov/bea/regional/bearfacts/action.cfm 
The analysis is based on data on 271 cities in the US, which include information on internet 
connectivity, employment levels, house prices, high school completions, population growth at MSA or 
city level. Not all MSA data are complete or consistent, so this analysis is limited to the 168 cities with 
no missing data for a specified time period (1996-2005) 
Actual usage versus availability of broadband 
There is a large body of work on the impact of ICT on social and economic vitality at national and 
enterprise level. However, there is less research on the impact of these technologies, and especially 
high speed broadband at city or district level. As described in the introduction to this thesis, the most 
notable contribution is Lehr, Osario and Gillet (2006) which measures the economic impact of 
broadband availability at MSA and zip-code levels in the US. However, this analysis is based on 
availability not actual broadband usage. The present analysis studies the actual usage rather than just 
availability of broadband. 
This research uses a series of regression analyses at MSA level, for 168 US cities to study the impact of 
ICT in terms of internet and broadband, and different uses of ICT on a series of indicators of social and 
economic vitality within the MSA and exploits a series of control variables 
Variables'. Proxies are used to estimate economic and social vitality; these include growth in house 
prices as an indication of increasing prosperity and attractiveness of the region; growth in high school 
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completions as a measure of improved educational performance; growth in employment levels; growth 
in per capita income; and changes in employment profiles especially among categories of knowledge 
workers in the labour force. The explanatory variables include growth in the percentage of homes using 
broadband - either digital subscriber line (DSL) or cable. 
Using Logs - 1 use the log of the dependent variables; the distribution of ln(Y) is narrower and limits 
the effect of outliers and there is a significant different in the scales of the variables. 
Comparing growth rather than absolute levels - The analysis in this chapter examines growth rather 
than absolute levels of each variable. Rich districts with expensive homes, high employment and 
excellent schools will be able to afford amenities such as broadband. By examining the relationship 
between growth rather than the absolute levels of these variables, I can control for the relative 
prosperity of districts or MSA and show more clearly how growth of broadband can influence growth 
in prosperity and educational performance. 
Step 1; The first regressions (1) looks at the relationship between broadband growth (BB) and the 
economic prosperity of the city using growth in house prices (HP) as a proxy for growth in prosperity. I 
then in turn look at the relationship between growth in high school completions (HS), employment 
growth (E), and per capita income growth (PCI), individually, and using the following model: 
(I) InYj = CC| + PiBBj + E| 
where Y = HP, HS, E and PCL 
I also examine the relationship between growth in broadband internet usage in 1997-2003 and the 
following variables: 
• employment growth (2003/2004) 
• increase in high school completions (2002-2004) 
• per capita income growth (2003/2004) 
• house price growth (2000-2005) 
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The difference in time between the usage, up to 2003 and the employment, educational, income and 
wealth indicators are to take into account the potential lag between levels and growth in usage and 
socio-economic impact. 
Step 2: Regression II reviews the relationship between growth in house prices and growth in 
broadband usage and takes account of the likely effect of increasing income and employment. The 
univariate analysis shows that there is a relationship between growth in broadband and growth in house 
prices as well as growth in income levels, so we would expect some of the effect of broadband to be 
subsumed by the effect of these two explanatory variables 
(II) InHPj = a2 + pzBBi + PalnE, + P4lnPCli+ Si 
Step 3: Regression III excludes the broadband component and estimates only the relationship between 
house prices, the dependent variable, income growth and employment growth. By comparing the R-
squares in the third and second regressions we can see the broadband contribution. 
(III) InHPi = a 3 + PsInEi + PelnPCIi + e. 
The first set of regressions are univariate regressions demonstrating the relationship between growth in 
broadband, and the log of the dependent variables, which are presented in Table 2.1. Standard errors 
are shown in parenthesis beneath the estimated coefficients. 
Table 2.1 Relationship between broadband usag , house prices, high school completions, income and 
employment 
Regression I a BB R - squared 
a) to HP 3.511 1.182 0.020 
(0.642*) 
b ) l n H S 3.346 1.130 0.019 
(0.670*) 
c) In PCI 1.418 0.428 0.006 
(0.415) 
d) In Emp 4.327 1.283 0.031 
(0.608**) 
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* statistical significance at 90% confidence level 
** statistical significance at 95% confidence level 
*** statistical significance at 99% confidence level 
Table 2.2 shows the multivariate regressions II and III with l a included for comparison. 
Regressions oc BB E PCI R - squared 
la 3.511 1.182 0.020 
(0.642*) 
II 4.677 0.621 0.342 0.247 0.131 
(0.687) (0.948**) (0.121**) 
III 4.85 0.354 0.243 0.121 
(0.093***) (0.121**) 
* statistical significance at 90% confidence level 
** statistical significance at 95% confidence level 
*** statistical significance at 99% confidence level 
Table 2.2. Comparison between Regressions la, II and III 
Using Akaike information criterion to show causality of broadband usage 
Akaike's (1974) information criterion (AIC) is used as a measure of goodness of fit of an estimated 
statistical model. It is grounded in the concept of entropy. The AIC provides ah operational means of 
trading off the complexity of an estimated model against how well the model fits the data. Increasing 
the number of free parameters to be estimated improves the goodness of fit, regardless of the number of 
free parameters in the data generating process. Hence, AIC not only improves goodness of fit, but also 
includes a penalty that is an increasing function of the number of estimated parameters, which 
discourages over-fitting. The preferred model is the one with the lowest AIC values and, in the present 
case, is the one that incorporates broadband usage. The implication is that while employment growth 
and income growth are related, growth of broadband usage positively impacts on both factors. 
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Variable With BB Without BB 
Broadband Use 0.62156596 
0.904 
0.368 
Log emp growth 0.34200904 
3.606 
0.000 
0.35414477 
3.780 
0.000 
Log income growth 0.24736629 
2.042 
0.043 
0.24357378 
2.004 
0.047 
Constant 4.6767986 
&763 
0.000 
4.8569351 
11.231 
0.000 
N 140 141 
aic 253.04938 254.91 
Table 2.3 Regression with and without broadband 
D.3 Findings 
In step one I performed a series of univariate regressions of the 168 cities and I observed a consistent 
and positive correlation between growth in broadband internet usage 1997-2003 and the following: 
employment growth (2003/2004) 
• increase in high school completions (2002-2004) 
• house price growth (200-2005) 
The relationship between broadband usage and per capita income growth in 2003-2004 shows a 90% 
level of confidence. All the coefficients are positive, and three are statistically significant. The 
contribution of broadband usage, as indicated by the R-squared values, is modest, but it is consistent 
and positive. If the lag factor is taken into count, this contribution could be expected to grow over time. 
There is also a complex interaction between all of the variables, such as the relationship between 
increased high school completions, more highly skilled workforce and the ability to attract firms that 
offer higher paid jobs. These benefits will not be short term however and could be an area for future 
research. 
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In step 2 I focused on house prices as a proxy for increased prosperity and attractiveness of a 
district/MSA. As expected, the impact of broadband decreases, and there is a strong relationship 
between increasing incomes and employment and house prices. The coefficient of broadband usage is 
still positive. 
Regression 3 shows that by excluding growth in broadband, the contribution or R-squared value of 
rising incomes and employment growth is reduced by one percentage point, which is another indication 
of the direct contribution of broadband. 
The univariate analyses show the influence of broadband on each separate social and economic 
variable. The multivariate analysis focuses on growth in house prices as a proxy for a district's 
increased prosperity, demonstrating that taking account of other key variables in employment and 
income growth shows the role played by broadband. 
The univariate regression coefficients indicate that a 1% increase in broadband usage is linked to a 1% 
or higher increase in house prices, high school completions and employment. The relationship with per 
capita income is smaller. Implicitly we could expect a synergistic relationship between broadband 
usage and these variables rather than a unidirectional causality, since increasing prosperity, reflected in 
house prices and rising incomes, means that broadband becomes more affordable. Regression II shows 
that the coefficient reduces to 0.62 when employment growth and growth in per capita income are 
included in our explanation of growth in house prices. 
D.4 Conclusions 
The results show a consistently positive though small relationship between the socio-economic 
indicators examined, and growth in broadband use, at the level of the MSA/district. While this is an 
interesting finding it relates to only one geographic location, the US, and covers a relatively short 
period in time. However, effects may take time to develop and also there are many other factors that 
have an influence, and which this analysis does not include. There is high variance among cities, which 
indicates that broadband is an enabler within a much larger socio-economic and-technological system 
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and it is this more complex city system that impacts on the individuals and firms that populate our 
cities. Hence, there is added importance to develop the CCS framework. These findings underline the 
importance of case studies for understanding the individual factors that contribute to this variance. The 
analysis adds a higher degree of granularity compared to existing work which is at the level of regions, 
states or nations, and provides a modest extension to Lehr, Osario and Gillet's (2005) analysis in 
focusing on the city level. 
The relationship observed is most pronounced in the area of education and employment. As discussed 
earlier, Glaeser (2005) shows that a skilled city is better able to adapt and survive in a period of 
technological change and eventually to prosper. This quantitative analysis provides evidence of the 
impact of broadband usage on education, shows that ICT is an enabler of learning in the workplace. It 
can be conjectured that through its impact on skills, ICT contributes to a city's economic growth. In a 
knowledge based economy, where products and services are often distributed over information 
networks and firms are distributed across the globe, proximity to a skilled workforce will be a 
determinant of where a firm relocates and, hence, will have an impact on employment. Per capita 
income is dependent on the nature of employment and productivity. Cities that deploy technologies that 
engender better communication within the business community are more likely to achieve higher 
productivity and support more innovation within firms through improved communication and team 
working and knowledge spill-overs. This will have benefits for firms' competitiveness. Similarly cities 
well endowed with ICT systems will be more likely to attract and retain firms because of these 
amenities, which will increase employment opportunities and income levels. Increasing the efficiency 
of delivery of public services in cities such as Corpus Christi and districts such as Westminster will 
contribute to the productivity of employees in both the public and private sectors. Cities hosting firms 
at the forefront of innovation enabled by these technologies will see incomes and property prices rising 
as innovative firms become successful and grow, putting pressure on both these variables. 
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